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19. Abstract (continued)

of T-2-dosed pigs have a reduced ability to phagocytize bacteria, and their
pulmonary lymphocytes have lowered blastogenic responses. Lung tissue
alterstior. are minimal.

Topical application of T-2 toxin in swine produces s severe necrotizing
dermatitis with the healing process beginning by day 7, Morphologic changes
in internsl organs are minimal. Immune responses are Altered, and there is
neutrophilis, er, and decreased body weights in tréfated pigs. There are
significant reductions in serum albumin, alkaline-phosphatase, and glucose,
with increases |in serum globulin during the first 2 veeks after exposure.

fANuneroul tential therapeutic agents were tested in rats and swine
for efficacy against T-2 toxicosis, In rats, only methylprednisolone had
apparent benefit. In swine, dexa::thasone alone or in combination with
activated charcoal, fluid support, /and/or sodium bicarbonate administration
ameliorated some, but not all, of £he adverse physiological changes associated
with supralethal T-2 toxicosis. nevw "superactive" activated charcoal has
excellent adsorptive capacity fof T-2 toxin, Oral administration of this
adsorbent, after oral lethal dodes of T-2 toxin, significantly prolonged the
survival of rats. Since a major portion of absorbed T-2 toxin and its
netabolites are excreted into the gastrointestinal tract, activated charcoal
may be beneficial for treatment 4s well as prevention of systemic
trichothecene toxicosis, regardless of the route of exposure.

Scirpenetriiol, 15-MAS, de-epoxy MAS, and de-epoxy scirpenetriol were the
major metabolites produced in rats orally dosed with DAS. Rats dosed orally,
dermally, or intravenvusly with T-2 toxin excreted 15 to 22 percent of the
dose in their urine and 60 to 90 percent in their feces by 7 days after
dosing. Four hours after pigs were dosed intravenously with T-2 toxim, the .
major free metabolites were 3°0H HT-2 and T-2 triol in the bile and urine (20
to 30 percent of administered dose). Glucuronide conjugates represented 63 to
77 percent of the dose, with the major conjugated metabolites being HT-2, T-2
toxin, 3°0E HI-2, and 3°0H T-2, The gastrointestinal tract contained 15.5 to
24.2 percent of the dose, while the remaining tissue contained 4.7 to 5.2
percent. The major free metabolite in tissue has not been characterized.

T-2 toxin |is biotransformed by rat liver microsomes to HT-2, neosolaniol,
4-delcety1neoaqlaniol, T-2 triol, 3°0H T-2, and 3°0OH HT-2. Esteratic cleavage
is more extemsive than hydroxylation of the 3° carbon side chain. 1In an jp
Yitro system utilizing bovine rumen fluid, T-2 toxin, DAS, and DON are
converted to a‘Vtriety of de-epoxide compounds including de-~epoxy HT-2,
de-epoxy triol, de~epoxy MAS, de-epoxy scirpenetriol, and de-epoxy DON
(DOM-1), respectively. _

Exposure to trichothecene mycotoxins (T-2, DAS, and DON) can be detected
vith a rapid and relatively simple analytical procedure based on the total
hydrolyzed metdbolites in plasma and urine. '
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FOREWORD
In conducting the research described in this report, the finvestigators
adhered‘to the "Guide for the Care and Use of Laboratory Animals," prepared by
the Committee on Care and Use of Laboratory Animals of the Institute of Labora-
tory Animal Resources, National Research Qouncil (DHEW Publication No. (NIH)
78-23, Revised 1978). |
_ leations of commercial organizations and trade names in this report do
not constitute an official Department of the Army endorsement or approval of
the products or services of these organizations. .
Tﬁis document was prepared for the period of July 1, 1982, through June 30,
1985, but was updated in April 1987 to reflect the 1denf1fjcation‘of a new

~ “metabolite and to provide reference citations that were "In Press at the time

of original submission.




ABSTRACT

Swine and rats have been used to assess the effects of exposure to 7-2
toxin. Acute systemic T-2 toxicosis 1s a cardiovascular shock syndrome charac-
terized by reductions in cardiac output and blood pressure and increased plasma
concentrations of epinephrine, norepinephrine, thromboxane B,, 6-keto- PGF,,,
and lactate. An initial leukocytosis 1is followed by a leukopenia.
Serum-bound calcium concentrations decrease, while magnesium, phosphorus, and
potassium increase. There was greater variation in the levels of selected
cardiac bulk electrolytes of rats dosed with T-2 toxin than in control animals.
In swine, myocardial, brain, renal, splenic, and pancreatic blood flow
decreased, while that of the adrenals, liver, and gastrointestinal tract was
increased or not affected following T-2 toxin administration.

Sublethal and/or lethal intravenous injections of T-2 toxin produce heart
and pancreatic lesfons, in addition to the well-documented radiomimetic
lesions. Grossly, there are subendocardia) hemorrhages, pinpoint white foct
fn the myocardium, and pancreatic edema. Microscopic and ultrastructural
changes in the heart include myofiter degeneration, vacuolization, recrosis,
and mineralization with formation of hypercontraction bands. Pancreatic
changes consist of acinar degeneration and necrosis which progress to a diffuse
suppurative necrotizing pancreatitis.

Techniques have been developed for using a closed-system inkalation pro-
cedure for monitoring dose-response effects of T-2 aerosol exposure. Inhala-
tion of T-2 toxin causes clinical signs and lesions which are similar to those
in IV ocosed pigs. Exposed pigs have lower rates of weight gain and reduced
hemagglutination titers. The pulmonary alveolar macrophages of T-2-dosed pigs
“have a reduced ability to phagocytize bacteria, and their pulmonary lymphocytes

had lowered blastogenic responses. Lung tissue alterations were minimal or not
observed. . '

Topical application of T-2 toxin in swine produces a severe necrotizing
dermatitis with the healing process beginning on day 7. Morphologic changes
in internal organs are minimal. Responses of purified peripheral blood 1ympho-
cytes to the T-cell mitogens, phytohemagglutinin, and concanavalin A are
decreased between days 20 and 31 after dosing. Neutrophilia and fever are
apparent during the first 2 weeks of exposure. Body weights of treated pigs
decrease after the first week. There are significant recuctions in serum
albumin, alkaline phosphatase, and glucose but 1ncreases in serum globulin tin
the firs* 2 weeks,

Numerous potential therapeutic agents have been tested in rats and s:uine
for efficacy against T-2 toxfcosis. In rats, only methylprednisolone had
apparent benefit. In swine, dexamethasone alone or in combination with acti- -
vated charcoal, fluid support, and/or sodium bicarbonate administration amelio-
rated some, but not all, of the adverse physiological changes associated with
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supralethal T-2 toxicosis. A new "superactive" activated charcoal has excel-
lent adsorptive capacity for T-2 toxin in rats. Since a major portion of
absorbed T-2 toxin and its metabolites are excreted into the gastrointestinal
tract, activated charcoal may be beneficial for treatment, as well as preven-
tion, of systemic trichothecene toxicosis, regardless of the route of exposure.

Substantial quantities of purified T-2 toxin (80 g) were produced: by cul-
turing a strain of Fusarium fungus and isolating and purifying the toxin. A
number of T-2 metabolites were produced by using the S-9 fraction from rat
livers (3'OH T-2 and 3'OH HT-2) and an in vitro system utilizing bovine rumen
fluid (de-epoxy compounds).

Scirpenetriol, 15-MAS, de-epoxy MAS, and de-epoxy scirpenetriol were the
major metabolites produced in rats orally dosed with DAS. Rats dosed orally,
dermally, and intravenousiy with T-2 toxin excreted 15 to 22 percent in their
urine and 60 to 90 percent in their feces 7 days after dosine. In pigs dosed
intravenously with T-2 toxin, after 4 hours the major free metabolites were
3'0OH HT-2 and T-2 triol in the bile and urine (20 to 30 percent of administered
dose). Glucuronide conjugates represented 63 to 77 percent of the dose with
the major conjugated metaoolites being HT-2, T-2 toxin, 3'OH HT-2, and 3'OH
T-2. The gastrointestinal tract contained 15 5 to 24.2 percent of the dose,
while the remaining tissue contained 4.7 to 5.2 percent. The majcr free
metabolite 1n tissue has not been characterized. .

T-2 toxin is biotransformed by rat liver microsomes to HT-2 neosolanio]
4-deacetylneosolaniol, T-2 triol, 3'OH T-2, and 3'OH HT-2. Esteratic cleavage
s more extensive than hydroxylation of the 3' carbon side chain. In an in
vitro system utilizing bovine rumen fluid, T-2 toxin, DAS, and DON are con-
verted to a variety of de-epoxide compounds including de-epoxy HT-2, de-epoxy
triol, de-epoxy MAS, de-epoxy scirpenetriol, and de-epoxy DON (DOM-1), respec-
t!vely

Trichothecene exposure (any of T-2, DAS, DON) can be determined with a
rapid and easy procedure with analyzes for total hydrolyzed metabolites in
piasma and urine.
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EXECUTIVE SUMMARY

Pathophysiology of T-2 Toxicosis

Swine and rats were used'to study toxic effects of T-2 toxin, diace-
toxyscirpenol (DAS), ~nd déoxynivaléﬁol (DON), common trichothecenc fungal
toxins. Acute toxicosis from T-2 and DAS s a' cardiovascular shock
syndrome similar to, but distinct from; that of an Endotoxin. The
syndrome 1is similar folléwing exposure py oral, 1{nhalation, or intra-
vascular routes. As documented after intravenous administration, effects
fnclude (1) rapid drop in cardiac output, metabolic acjdosis, increased
plasma levels of prostaglandins, as well as.epinephrine anﬂ norepinephrine
and (2) decreased blood flow to vital organs including heart and pancreas.
The parent toxins, T-2 and DAS, have plasma and tissue half-lives of 14 to
17 minutes, while DCN has a slightly longer half-life. Lestons of T-2
toxin and DAS toxicosis {included cardiac and pancreatic necrosis, 1n
addition to radiqumetic lesfons. Meth).predﬁisolone was of benefit in
treating T-thoxicos1s in rats, while dexamethasone, act1!§ted charcoal,
and fluid support were hseful in swjne, A new "éuperactfve" activated
charcoal was effective in preventing oral toxicosis in rats. T-2 toxin,
once absorded, 1is primarily metabolized by the 1liver. The major
metabolites tnclude 3'OH T-2, "HT'-2, 3'OH HT-2, and especially their
glucuronide conjugates (in swine), which are excreted via b{le-(feces; and
urine. | Because of probable enterohepatic recycling of toxin and
metabolites, activated charcoal may be an effective therapeutic agent in

toxicosis induced by a variety of routes of admintstration.
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A.B. Hemodynamics, Vasoactive Mealators, Hematology and Serum Biochem- .
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T-2 foxin was given as a single intravascular dose at efther 0.6

or 4.8 mg/kg to different groups of 50 kg, female swine. Shock was

’
>

characterized by reductions in cardiac output and blood pressure and

increased plasma concentrations of epinephrine, norepinephrine,

-
-

thromboxane B,, 6-keto-PGF,., and lactate. Total peripheral

]
'§ resistance was unchanged in the high-dose group but decreased in the
'E low-dose group. Pulmonary vascular resistancg fncreased 1in both'
"31 groups. Decreases occurred in arterial pH and the partial pressure
| - g of arterial oxygen. No &lterations occurred in plasma concentrations
'ﬁﬂ of histamine or serotonin.
“‘g Bléod samples were taken at houfly intervals for determinatic:
E% of concentrations or activities of the following substances in serum
. ?5 or plasma: creatinine, biocod urea nitrogen, tnorganic phqsphorhs.
‘ -% . total calciur, ultrafilterable calcium, magnesium, sodium, potassihm,
'155 ‘ chloride, total protein, albumin, cholesterol, glucose, alkaline
f phésphatase, alanine aminotransferase, aspartate aminotransferase\
; and total Silirubin. Coagulation analyses included prcthrombin time,
~;§ bart1al thromboplastin time, activated coagulatidn time, and fibrin
S : degradation products. The serum concentration of bound calcium
:’;? decreased, while phosphorus, magnesium; and potassium increased.
féﬁfﬁ Clinical screening tests detected no evidence of a coagulopathy.

;
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Red blood cell, white blocd cell, ano platelet counts; hemoglobin

&2

concentrations; ‘and hematocrits were determined from whole blood

samples. An initial leukocytosis was followed by a leukopenta. The

&8

numbers of red blood cells, hemoglobin concentration, and hematocrit
vére increased. Nucleated red blood cells were seen in the blood

smears.

e -~

C: Systemic Distribution of Blood Flow During T-2 Tox1cosis'

Additional studies were conducted with swine dosed intravascu-

=]

larly with T-2 toxin at: 0, 0.6, and' 2.4 mg/kg to determine if

e

alterations occurred in blood flow to vital ‘tissues of the body. "

(S

Hemodynamic measurements were also performed.

Cardiac output declined in both‘T—z toxin-treated groups for up
to 3 hours, .after which the high-dose group continued to decline and
the low—dose group began to rjse.' Aortic mean blood pressure of the
high-dose group did not begin decreasing until 1-1/2 hours after
exgésure. ‘The heart rate and pulmonary vgscu]ar ‘resistance were
increased in both grouﬁs; Left and right ventricular work decreased

following administration of T-2 toxin at both the high and low doses.

Blood gas values ‘indicated maintenance of arterial oxygen tension,

slight decreases in arterial carbon dioxide tensions, and intense

s

reductions in pH.

o3

Myocardial and brain blood flow had similar patterns of changes

following 7-2 administration. Both decreased following administra-

-2

tion of 2.4 mg/kg, and both had markéd fluctuations in blood flow

R
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following administration of O.G'mg/kg. Blood flow to the adrenals,
liver and the overall gastrointestinal tract of animals dosgd with
T-2 toxin was increased or similar to predosing and vehicle control
values. Renal, splén1c. and pancreatic blood flows decreased follow-
ing T-2 administration, with blood flow to the pancreas and spleen
bolng the most severely compromised.
Ii halation Studies
1. A method of administration of aerosols to anesthetized or unanes-
thetized swine.
| Considerable effort has been invested in developing a system
for studying the effects of inhaling an aerosol of T-2 tqkin cn
swine. Techniques have been worked out, and protocols have been
developed for the following: (1) animal restraint and monltor;
ing, (2) toxin handling and administration, (3) aerosol gene.a-
tion and c¢lean-up, and (4) aerosol characterization. These
efforts have resulted In the ability to produce sublethal or
lethal T-2 toxicosis by the inhalation route of expasure.
Although we are able to gstimate the dose of toxin rétained by‘
the pigs, a more reproducible and accurate method, using a radio-
active 1sotope, is under development. Tnis-technlque will allow
more meaningful assessment of dose-repénse rélatioﬁsh\ps and
comparisons with the‘other}routes of admintstration.
Two inhalation studies were performed. The first study was

designed to evaluate the effects of 1inhaled T-2 toxin at
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nebulized doses of 0 and 8 mg/kg (calculated dose of retained
T-2 less than 3 mg/kg) on the cliniqal signs.‘ clinicil
pathology, and systemic immunity of swine. A1l T7-2 treated pigs
experienced vomition, hyperemia,vlethargy; and anorexia, but no
significant changes in the mean rectal temperature. The T-2
treated pigs had significantly lower. mean body weight gains.
Significantly lower hemagglutina;ion titers to sheep red plood
cells were nofed between days 3 and '7 after the fifst
fmmunization 1in T-2 treated pigs. The data for clinical
patholpgy and  mitogen-induced blastogenlé responses  of
peripheral blood lymphocytes ﬁave beéﬁ entered on a computer,
and the analyses are currently underway.

The second swine inhalation study was designed to evaluate

the effects of inhaled T-2 toxin at nebulized doses of 0 and 9
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mg/kg (calculated dose of refalned T-2 less .than 3 mg/kg) on lung

-
¥

morphology and both local pulmonary and systemic immunity. Two.

T-2 treated pigs died between 8 and 16 hours after treatment.

&9

One T-2 treated pig was killed in i‘moribund state approximately

ey

¢

1C hours after exposure. All other T-2 treated pigs survived the
exposure and experienced similar cl1n1ca] signs as the pigs in
the first study. The T-2 treated pigs that died spontaneously
or were killed on day 0.33 after inhalation gxposure had fypical

radiomimetic changes in the lymphold organs and GI tract. The

R X9 o

changes, however, were minimal in the pigs surviving the T-2
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treatment when killed on postdosing days 1, 3, and 7. Mild to
moderate, multifocal, acute Injury with cellular infiltration,
mainly neutrophils, were seen in the alveoll of‘the expired T-2

" treated pigs. Alveolar injury was also seen in pigs surviving
the dosing and killed on days l; 3, and 7; however, the lesions
were patchy and lass severe than those of the piés which died or
were killed on day 0.33 and fhe_cellular 1nf11t;ation was mainly
macrophaﬁes. The alveolar mac?ophages of T-2 treated pigs had a
lower capacity for bacteriai phagocytosis than those of control
pigs, especially those of pigs_that die& or were killed on days
0.33 and 1. The pulmonary lymphocytes of T-2 triated pigs also
showed lower blastogenic responses to various mitoqens'than these
of control pigs. The data of wmitogen-induced blastogenic
responses of peripheral blood lymphocytes.have been entered on a
computer, and the analyses are currently underway.

E,F. Ultrastructural Study of Acute T-2 Toxlicosis

The pathologic effects of T-2 toxicosig were evaluated 1n 8 pigs.
They were administered T-2 toxin in intravenous doses of 0.0 mg/kg
(2 pigs) and 0.6 mg/kg (6 pigs) dissolvedlln 2.5 mL of 50 percent
ethanol and were killed 24 and 48 hours later. On gross exéminat%on,
pancreatic edema, multifocal subendocardial hemorrhages, and pinpoint
white foc! were present scattered throughout the myocardium of one
plg killed at 48 hours. Myofiber degeneration and necrosis with

contraction bands were seen in all T-2-dosed -pigs, mainly in the

!




‘was evident.
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subendocardial region. Although the lesions were present throughout

the heart, they were predominant in the atria, papillary muscles
the left ventricle and lower left and upper right ventricles.
addition, myofiber vacuolization was another morphologlg
alteration observed in some affected muscle bundles. vVacuo1izat1

was more often detected in papillary muscles of the left ventric)

on

e.

Ultrastructural changes consisted of areas of sarcoplasmic ed

ma

with myofibrillar disorganization and loss of Z and M bands, as wall

as glycogen accumulation in mildly affected myocytes. In sever
damaged myocytes, hypercontraction bands with myoflbrillarflysis

mafked distenston of sarcoplasmic reticulum with myofibrillar lyg

Pancreatic changes consisted of multifccal acinar degeneratf

and necrosis. These changes became a suppurative necrotizing pa

ly
or

is.

on
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creatitis in the pigs killed at 48 hours. Early ultrastructural

changes consisted of dilation of the membranous portion of the ro$gh

endoplasmic reticulum and disorganization, as well as mitochondr
swelling and loss of cristae.

Tissue lesions in plgs exposed to T-2 toxin by the inhalat

route 6f exposure were, tn general, similar to the IV-dosed animals.

al

on

No ultrastructural changes have been observed in sections of the llng

or pancreas. Leslons, including endothelial damage, were observed

in the livers of two pigs.

Evaluation of tissues is still in progress and will be completed

by the end of this year.
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Cardiac Bulk Electrolytes
Cardiac bulk electrolytes (sodium, potassium, magnesium, gnd

calcium) were determined in both a T-2 toxin dosed and a control

group of rats. Those rats which received T-2 toxin appeared to show

.largbr intergroup‘variations in the levels of those electrolytes than

did tﬁc control rats.

. Subacute Toxicity and Immunotoxicity of Topically Applied T-2 Toxin

in Swine ’

Topical ‘application of O and 15 mg/kg T-2 toxin in 0.75 mL DMSO
iaéﬂ performed in swine. Representative animals were subsequently
killed fqr péthologic examination on days 1, 3, 7, 2nd 14. Grossly,
the areas of skin e;posed to T-2 toxin were swollen and progressively
bgcame dark fed to dark purple. The affected skin became ulcerated
after day 7 and was focally separgted from the underlyfng tissue at
the border of the exposure area on dqy 14. Histologically, the
initial lesion consisted of degeneration of the stratum germinativum
of the epidermis and mild neutrophilic infiltration of the upper
dermis. The extent and severity of the changes then increased
gradually with severe, necrotizing dermatitis apparant on days 7 and
14. Hyperkeratosis, hyperplasia, and fibroplasta begén to appear on
day 7 and became more prominent on day 14. The changes in tha |
internal organs were minimal,

The immunotoxicity of dermally-applied T-2 toxin was evaluated

in a group of 14 pigs which received the same treatment as described
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above and were bled on days -2, 1, 3, 5, 7, 10, 14, 20, 22, 24, 26,
28, and 31. The purified peripheral b}ood lymphocytes of pigs
oxposed to T-2 toxin had significantly lower responses to the T—;ell
mftogens bhytohemagglutinin and concanavalin A appfox1mate1y 20 days
after dosing, but the differencés became nonsignif1c$nt by day 31.
Stgnificantly higher responses to tﬁe,B—cell mitogen, lipopolysac-
charide, were seen in the treated group dur1ﬁg the first 10 days or
sO0. No differences were found in anii-sheep red blood cell antibody
titers between treate& and control groups. Signifi.ant neutrophilia

was seen in the T-2 toxin-treated group during the first 2 weeks.
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The test group had significantly lower levels of serum albumin after
1 week of exposure, but siénificantly higher levels of serﬁm globulin
after 5 days of exposure. Serum alkaline phosphatase activities in
the test éroup were sign1f1caﬁtly Tower than those of the control

group after day 3 of exposure. Blood glucose of the treated group

AD wa

was significantly lower during the first 2 weeks. A stgnificant

increase in the rectal temperatures of T-2-treated pigs occurred in

=33

the first 2 weeks. Significant differences between mean body weights

Bt

of T-2-treated and control groups wére noted after the first week of

treatment.

=

II. Therapeutic S;udies

" A-C. Rat and Swine Therapeutic Studies
The water-soluble glucocorticosteroid, methylprednisolone sodium

ii : succinate, and dexamethasone sodium phosphate. appear to be

p‘
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efficacious 1In the treatment of acute T-2 toxiﬁosis tn rats and
swine, respectively. In swine, dexamethasone sodium phcsphate when
combined with other therapy such as activated charcoal, fluld
support, and/or §od1qm bicarbonate administration ameliorated some
but not all of the adverse physiological changes noted following the
induction of supralethal acute T-2 toxicostis. _Certain other

therapeutic approaches utilized in oither rats ‘or swine have not

,A.‘
Lo
Tl .

proven to significantly enhance survival duration or rate following

»
¥ e
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T-2 toxin administration.

N
“

" D. -Studies with Oral “Superactive” Charcoal

Studies with orali"superactiée“ charcoal have shown that 1t is
effective iIn prévent!ng toxicosis in rats given an oral LD,,, dose
of T-2 toxin. Since our laboratory has found that T-2 toxin and its
metabolites are excreted into the gastrointestinal tract followiﬁg
intravascular exposure, activated charcoal miy be beneficial for
treatment, as well as prevention, of systemic trichothecene toxi-
cosis, regardless of the route of exposure. To date, stddtes with
swine‘appeér to support that hypothesis.

E. Therapeutic Oral Activated Charcoal Studies

Efforts have been directed in three_areas: H detérmining the
lowest dose of superactivated éharcoal which- s effective in
preventing deaths in rats due to oral T-2 toxin adﬁinistrat1on; 2)
assessing the benefit, 1f any, that would be gained from concomitant

‘use of activated charcoal and dffférent cathartics after oral T-2
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toxin administration to rats; and (3) determining how long after
oral dosing with T7-2 toxin an activated charcoal ragimen can be
detayed and still be effective 1n alleviating toxicosts.

F. Prevention and Treatment 6f 7-2 Toxicosis 1n Dermally Exposed Swine

Attempts have been made to induce clinical signs of T-2 toxicosis
in swine exppsedvtb the toxin dermally. Exposure to up to 45 mg/kg
body weight T-2 toxin did not result in classic signs of acute T-2

.‘toxicosls or death. The results and the quantities of toxin neces-
sary for these investigations have sug§ested that the pig is not a
good animal mode! for studying systemic signs of T-thoxicosis after
dermal application of the toxin. However, 1t does cause intense
local necrosis of the skin of pigs, and we are investigating methods
of preventing these effécts.

II1. Production of Toxins

We have isolated Fusarium fungt! from naturally contaminated field

samples and are examining them for potentially toxigenic strains. At this

[ Lol ’ ..:Af-q-
& 9 & i &5 &8 B &2 683 & I b W

time, we havg.about 40 stains and have tested some of them for the ability

to produce toxin.

= §

We have produced over 80 g of purified T-2 toxin along with mitligram

quantities of several trichotheceng metabolites since September of 1982

| S5

for use in a variety of experiments. T-2 toxin was produced by culturing

a strain of Fusarium (3299) on a rice or vermiculite medta. The cultures

S

were extracted with ethyl acetate, and the extract was cleaned up using
Florisil columns followed by multiple recrytallizations. T-2 toxin of

greater than 99 percent purity has been produced by this method.

ol
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3' OH-T-2 is produced f;om T-2 toxin by using the liver S-9 fraction
froé rats pretreated with phendbarbltal combined with the addition of
paraoxon to inhibit enzymatic hydrolysis of the T-2 substrate. It is
difficult to obtain standards of the 3'hydroxylated compounds; the only
other procedure presently ava11a61e includes extracting these metabolltes

~from the excreta of animals dosed with T-2 toxin or lehgthy‘synthests
reactions. .

De-epoxide trichothecenes have been produced'.by Incubating T-2
toxih, DAS, and DON in vitro with rumen fe%ﬁentation preparations using
rﬁmen fluld obtained from a fistulated cow. After incubation in bovine
rumen f{uiq. the compounds were extracted using an XAD resin column, a
Florisil ‘column, and HPLC. Milliéram quantities' were obtgined with
greater than 95 percent purity.

IV. Analytical Methods

A technique was developed which results‘ih a,rabid and easy method
to screen.for several trichothecenes (7-2 toxin, DAS, and DON) in plasma
and urine. . The compounds were extracted using a Clin Etute column fol-

'lowed by hydrolysis under basic coﬁd1t1ons. The hydrolyzed samplengerg
cleaned up with a sifica cartridge and'derivatized for analysis u§1ng éas
chromatography. Detection of the parent alcohol would be an 1nd1catioﬁ'
of tr1chothecenés in the ptasma or urine.

A method was develdped to analyze for DON and fits de—gpoxy metabol{te
DOM-1 1n bovine urine and feces to ald in diagnosis of DON exposure in

cattle. The mycotoxin'compounds were extracted using Clin Elute columns
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and disposable silica cartridges. Trimethylsilyl derivatives of extracts
were formed and examined by gas chromatography with electron capture

detection.

. Metabolism: In vivg

Rats were orally dosed with DAS at 2.8 mg/kg. The metabolites found
in thé urine and feces were 15-MAS, scirpenetriol, and two de-epoxide
compounds determined to be de-epoxy MAS and de-epo*y scirpenetriol by
GCIMS and NMR. The metabolites 15-MAS, scirpenetriol, de-epoxy MAS, and
deepdxy scirpenetriol were detected in urine at 3.5 percent, 4.9 percent,
9.5 percent, and 7.2 percent, respectively. The latter two compounds
were also detected in feces at 9.5 percent and 18.9 percent, réspectively.l
No barent compound was found in the urine or feces. '

Rats ‘were dosed with tritium labeled . T-2 toxin at 0.60‘mg/kg and
0.15 mg/kg by oral, dermal and intravenous routes. Urine and fgces were

collected for a total of 7 days at 24-hour intervals. After 7 days, 15

 to 22 percent of the administered dose was found in the urine, and 60 to

90 percent was found in the feces. Separation of the metabolites was done
by HPLC after extfaction of the urine and feces. Hydrolyzed metabolites
were the primary compounds isolated aiohg with several unknowns which have
not been characterized at this time.

| Metabolite profiles .1n the bile ;nd' urine of two swine Qere
determined following intravascular administration of tritium labeled T-2
toxin. A total 6f 13.1 percent and 1.3 percent of the dose was found in

the gallbladders in addition to 17.9 and 42.5 percent in the urine of the
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two swine 4 hours after dosing. Frede metabolites represented less than
20 and 30 percent of the total metabolite residues in bile and urine,
respectively, with the parent compound never exceeding 0.25 percent. The
major free metabolites were 3'OH |HT-2 and T-2 triol. - Glucuronide

conjugates represented 63 and 77 percent of the metabolite residues in

urine and bile, respectively. Th major conjugated metabolites were
glucuronides of HT-2, 3'OH T-2, 3':L HT-2 and T-2 toxin. Neosolaniol,
4-deacetylneosolaniol, and T-2 tetraol were also identified in addition
to three unkﬁown metabolites.

Metabolite prof1lés tn plasma and tissues of two swine were
determined following intravascular administration of tritium labeled T-2
toxin. The plasma eliminatién phase half-life was 90 minutes for total
tritium residues. The greatest amount of radioactivity was located in

the gastrointestinal tract (15.5 and 24.1 percent of the dose for the two

swine) 4 hours after administration] The remaining tissues represenfed

5.2 and 4.7 percent of the dose for the two swine. Twenty-one metabolftes
were identified follpwing reverse phase HPLC. Approx{ﬁately S5 percent
of the extractable radioactivity {n the tissues and gastrointestinal
tract of both swine corresponded to;T-Z toxin, HT-2, de-epoxy HT-2, T-2
triol, deepoxy T-2 triol, 3'OH T-2, 3'OH HT-2, T-Z‘tetraol. and de-epoxy

T-2 tetraol. The major metabolite in tissues did not correspond to any

standard and represented an additional 27 percent of the extragtable

radloactivity. Overall, identified| metabolites in urine, tissues, and
the gastrointestinal tract accounted for 55 to 75 percent of the total

radioactivity administered.

1
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VI. Metabolism: In yitrg .

T-2 toxin was biotransformed by ratvliver microsomes to a variety of
metabolites including HT-2, neosolaniol, 4-deacetylneosolaniol, T-2 triol,
3'0H T-2, and 3'OH HT-2. Metabolism resulting from esteratic cleavage of
-the parent‘ T-Z' toxin was more exfens1ve than hydroxy1ation of the 3'
carbon side chain by mixed function oxidases. Pretreatment of rats with
phenobarbital enhanced hydroxylation of T-2 toxin at the 3' carbon posi-
tion, and the addition of paraoxon to the microsomes inhibited hydrolysis
of the C3' oxidized product. |

DAS, DON, and T-2 toxin were incubated in vitro for 0, '2, 24, and

48 hqurs'w1th rumen miéroorgan{sms obtained from a fistulated dairy cow.
. Gas chromatograph and GC/MS analys1s of the extracts indicated that all
three toxins were biotransformed to a variety of de-eboxy and deacylated
products. DOON was partially converted to a single product identified as
de-epoxy DON or DOM-1. DASIwas completely converted to 15-MAS, sc}rpene;

penetriol. T-2 toxin was biotransformed to HT-2, T-2 triol, and two new
products identified as de-epoxy HT-2 and de-epoxy triol. Determination
of the rumen microf1ora,responsib1e for the de-epoxidation of the toxins
was attempted; however, at this point, fhe‘Samples have not been evaluated

to determine the microfioral identities.
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I. PATHOPHYSIOLOGY OF T-2 TOXICOSIS

A. EXPERIMENTAL T-2 TOXICOSIS IN SWINE. I. CHANGES IN CARDIAC OuTPUT, -
AORTIC MEAN PRESSURE, CATECHOLAMINES, G-KETO-PGF,.,: THROMBOXANE B, AND
ACID-BASE ﬁARAMETERS--Roseahne M. Lorenzana, Val R. Beasley, William B.
Buck|, Arthur W. Ghent, Gregg R. Lundeen, Robert H. Poppenga

ABSTRACT

Experimenta1. T-2 Toxicosis 1in Swine. 1I. Changes in Cardiac Output,
Aortic |Mean Pressure, Catecholamines, 6-keto-PGF,,, ‘Thromboxane B. and
Acid-Base Parameters. Lorenzana, R.M., Beasley, V.R., Buck, W.B. (1984).

andam. Appl. Toxicol. T-2 Toxin given as a single intravascular dose to

swine produced a shock syndrome. Dosages of 0.6 o 4.8 mg/kg were.administereq ’
to different gfoups of swine. Shock was characterized by reductions in cardiac
output apd blood pressure, andrincreésed plasma concentrations of epfnephrine.
norepinephrine, thromboxane B, and 5-ketd-PGF,. and lactate. Total peripheral
resistante was unchanged in the high dose group but decreased in the low dose
group. Pulmonary vascularl resistance increased 1n both groups. Decrease§ ‘
occurred in artertal pH and arterfal oxygen partial pressure. No alterations
occurred |in plasma concentrations of histamine or serotonin.
INTRODUCTION

T-2 toxin (3a-hydroxy-48, 15-dlacetoxy-8a-(3-methylbutyryloxy)-12,
13-epoxytrichothec-9-ene) 1is a secondary metabolite of seQeral species of
Fusarium., Trichothecene production by Fusaria tends to occur in grain over-
winterad .in the field and in high-moisture grafns that have been improperly

stored. |Although T-2 toxin 1is not frequently detected in grains used for
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animal feed in the United States, when T-2 toxin is identified, it is associ-
ated with serfous detrimental effects (Hsu et al., 1972; Greenway and Puls,
1976). A§ early as the 1940's when a widespread human disease called alimen-
tary toxic aleukia (ATA) was recoénized in the USSR (Forgacs and Carll, 1962),
¢linical syndromes in both man and animals werd associated with the consump-
tion of moldy grain. Fusarium producers of T-2 toxin were léter found to be
among the predominant fungi apparently responsible in .that outbreak of ATA
(Joffe and Yagen, 1977). Historically, Fusarium mycotox1n§ have been associ-
ated with moldy corn toxicosis in cattle in the USA, Akakabibyo (red-mold)
disease in humans and animals in Japan, and bean hull poisoning in horses in
Japan (Pathre and Mirocha, 1979; Salto and Ohtsubo, 1974; Ueno, 1977). Most
controversial of the toxicoses produced by the trichothecenes involves fheir
~ alleged use by communist forces in chemical weapons in Laos, Cambodia
(Kampuéhea) and Afghanistan. The popularized pseudonym, "Yellow Rain", refers

to the yellowish cloud sprayed from planes or burst from shells in the form of

sticky yellow drops. Reported effects include skin rashes, difficult respira-

-
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tion, emesis, hemorrhage and death within a brief reriod of time in humans, as

AL

well as death in exposed animals and plants (Schiefer, 1982). Samples taken

R A

oo

from follage revealed 48 ppm T-2 toxin and the presence of other Fusarium

o

$ mycotoxins (Rosen and Rosen, 1982). HT-2, a metabolite of T-2 toxin was found
tn the blooa of two alleged victims (Congressional special raport, 1982). |

In our previous work with swine given T-2 toxin intravascularly, it begame
apparent that the animals died following a shock syndrome induced by the
toxin. At an fintravascular LDSO dose (1.2 mg/kg), shock progressed to death

within 12-16 hours (Beasley, 1983; Weaver, et al., 1978).
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Since the cardliovascular and pulmonary physiology of swine is very similar
to that of man, and swine are of sufficient size to allow collection of mul-

tiple blood specimens, the pig is considered an appropriate model (Tenney and

‘Remmers, 1963; Dodds, 1982). It was the purpose of tihis study to characterize

the pathophysiology of acute T-2 toxicosis in swine. In this report, the

changes in hemodynamic function, blood gases and pH, and vasogctive medfators

. in response to T-2 toxin given intravascularly are described.

MATERIALS AND METHODS

Chemical and animals

Purified T-2 toxin® was dissolved in 6.5 mlL of 70 percent ethanoi. HWhite,

_ crossbred female swine ranging from 40-60 kilograms were immunized against

erysipelas,* given an intramuscular injection of selenium and allowed to

acclimate to their housing and feed for four to seven days prior'to Surglcal
catheterfization. After surgery, the animals were allowed to recover for two
to four -weeks, and were active and in good health at the time of the study.

Swine were fed a commercial diet‘ which contained no detectable concen-

‘trations of vomitoxin (deoxynivalenol), zearalenone, T-2 toxin, diacetoxy-

- scirpenol (DAS), or aflatoxins Bl, B2, G1 and G2.°

Surgical preparation

Anesthesia was induced in fasted swine using S percent halothane in a

mixture of oxygen and nitrous oxide via a nose cone. After endotracheal

intubation, anesthesia was maintaied with 0.75-1.0 percent halothane in a

mixture of oxygen and nitrous oxide using a closed circuit system® and
intermittent positive pressure ventilation.” The heart rate and rhvthm were
monitored while a Tleft lateral thoracotomy was performed. Non-compliant

fluid-filled catheters® were implanted in the pulmonary artery and left
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atrium via pericardiotomy. Another catheter was placed in the ascending aorta
via the internal thoracic artery (Tranquilli et al., 1982).

These catheters were filled with heparin, exteriorized through the Iateral
thoracic wall and buried in the Eubcutis until the déy of the”study. Each
animal was given antibiotigs post-surgically; and fhe skin sutures were
removed after ten days. '

Experimental protocol

In a proliminary‘groqp. T-2 toxin was given lntravagcularly to eQaluate
procedural protocols, instrumentation, the appearance of the vasoactive sub-
stances hlstahine.‘serotonin. epinephrine, norepinephrine, and the hydrolysis
producte of thromboxane AzA and prostacyclih. thromboxane B, (TxB,), and
6-keto-PGF o, respectively. In this group, two pigs received T-2 toxin at 5.4
mg/kg and one pig recefved T-2 toxin at 1.2 mg/kg.

In the formal study, pigs were divided Into three groups. A lethal dose
of 4.8 mg/kg, was g!veh to five swiné (high dose group), and a sublethal dése
of 0.6 mg/kg was administered to five dthef' ptgs (low dose group). Five
coﬁtrol swine received only the 70 percent ethanol. vehicle int;avascularly in
addition to undergoing identical surgical aﬁd handling proﬁedures. -

On the day of the study, the conscious animal was restrained in a webbed
Stanchion which dllowed the pig to rest on its steraum and abdomen while 1ts
legs hung below the webbing. All animals quickly adapted to fhis metnod of
restraint and appeared to rést comfortably. Afte} the overlying skin was
infiltrated with 2 percent 1idocaine HC!, the catheters were exteriorized
through small skin incistons and attached via manifolds to measuring and

sampling devices.
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Prior to dosing two bliood samples were withdrawn from the aortic catheter

)
B
13

§$§ gg for determination of arteri;l concentrations of oxygen (Pa0,) and carbon

Qég dioxide (PaCO;), as well as arterial pH (pH,). Multiple cardiac Qutput
. %gk gi determinations were made and aortic mean pressuré was recorded prior to thg

f%@ collection of blood samples for baseline clinical' chemistry determinations.

%&t 38 The toxin solufidn was then administered into the pulmonary artery by a con-

i : tinuous infusion over § five;minute peflod.’ The beginning pf the infusion

é&i %b was considered to pe the starting time of the experiment.

%é% ai All cathetérs were frequently flushed with heparinized saline to ensure

ﬁﬁi “ patency and the absence of clots in the samples. During the course of the

‘gé? %3 experiment, each pig re;ejyed four liters of fluid due to this flushing. The

ﬁ%“ . amunt of blood taken for clinical determinations was léss than 10 percent of

;ﬂ. ‘? : the animal's total blood volume (i.e., 500 mL or less).

In the high dose group, on the day before the study, a self-retaining
catheter was passed into the urinary bladder. During the study, blood samples

and hemodynamic measurements were taken up to the time of death. In the low

25
= -

A“ ’ : '
,éﬁ, dose and control groups, samples and measurements were made from predosing

-~ n
)
--;

" through 24 hours after toxin administration. The animals were then subjected
to euthanasta by exsanguination after recelving an anesthetic dose of sodium
lthiamylal. '

Hemodynamic measurements

Pressures in the left atrium, pulmonary artery and aorta were measured

ARSI 2 -

every 30 minutes using noncompliant fluld filled systems and transducers'® on

a multichannel physiograph.'' Transducers were zeroed at the level of the

scapulohumeral joint which was considered to correspond to the level of the

»
i x
S o
=S B

right atrium.

o |

I
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Cardiac 6utput was determined evefy 30 minutes by an indicator dilution
technique (Manohar, 1978). Indocynanine green'? was injected into the left
atrium and blood was withdrawn from the aorta at a known constant rate through
a I1inear densitometer.'® The resultant curve area was determined by

. semilogarithmic plotting of the downslope on a computef,;‘ |

Total peripheral‘reé\stance (TPR) was calculated as the guotient of aortic
mean pressure (AOM) divided by cardiac output (CO). Pulmonary vascular resis-
tancé (PVR) was calculated by subtratting the left atrial mean pressure (LAM)

from puimenary artery mean pressure (PAM) and dividing the difference by CO.

Clinical chemistry determinations ‘ _

Arterial blood was -anaerobically collected every. 30 minutes from _the

aortic catheter for determination of Pa0., PaCO,, and pH,.'' Blood lgas
| tensions and pH, were corrected to the animal's rectal temperature, using
temperature coeffi;ients published for human blood (Severinghaus, 1966>.

Plasmﬁ Ilact1c acid concentrations were determined from aortic blood.
Blood was collecteéd every 30 minutes in chilled syringes, immedidtely added to
chilled perchloric acid and'agitated in a vortex for 30 seq§nds. The protein
precipttate was removed by centrifugation, and the plasma was maintained for .
no iongér than seven days at 4°C Eefore analysis.'* . o

| Ten ht of aor:ic blood was collected hdurly for catecholamine analysis iIn
chilled, heparinized syringes, immediately transferred to chilled, heparinized
glass tubes and gently mixed for 15 seconds before being centrifuged at 2000 g
at 4‘C. for ten minutes. IThe plasma was transferfed to plastic vials and
quick-frOZen }n a dry fce and alcohol bath. The samples were stored‘at -70°C

until analyzed as previously described (Chou et al., 1983)."7
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~ concentrations of 6-keto-PGF,, and TXB,.
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Aortic blood was collected tnto chilled syringes every 30 minutes for the
first two hours, and thereafter on an hourly basis fbr the determination of

The blood was immediately added to

" siliconized glass tubes containing 2 percent EDTA and 0.4 percent aspirin in

saline, gently mixed for 15 seconds and then centrifugéd at 2000 g at 4° for

ten minutes. Plasma was decanted into plastic vials uslﬁg plastic pipettgs.
and the samples were frozén and maintained at -20°C until analysis. The
concentrations of s-keto—PGF.. and TXB, were determined by radioimmunoassay.'®
The procedure was previously validated for use with unextracted porcine plasma.

Ouplicate samples were included in each assay for the concentrations of
6-keto-PGF,« and TXB,. If the coefficient of variation for the replicates was
greater than 12 percent, the sample was rerun in a subsequent assay.
Individual samples were frozen and thawed only once brior to assay and were
assayed within a few hours of thawing.

The fintra-assay coefficients of varfation for TXB, and 6-keto-PGF,«,
respectively, were 4.7 percent and 5.7 percent. The inter-assay coefficient
of varfation for TXB, was 7.4 percent for a high concentration pooled plasma
sample and 3.8 percent fér a low concentration sample. The 1nter-assay
coefficient of variation for 6-keto-PFG,, was 6.8 percent for a high concen-
tration pooled plasma sample and 15.3 percent for a low concentration sample.
The TXB, and 6-keto-PGF,, recovery rates were 91.2 percent and 86.1 percent,
respectively. The sensitivity limits of‘the assays were considered to‘occur
at 90 percent binding and the mean values were 6.3 pg/mL fof TXB, and 17.6
pg/mL for 6-keto-PGF .

Plasma serotonin and histamine concentrations were determined in the three

preliminary swine. Blood for serotonin analysis was collected in chilled
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syringes, added to chilled plastic vials containing EDTA and ascorbic acid,
and gently mixed for ten seconds. The samples were then centrifuged at 2000 g
at 4°C for ten minutes, and the plasma was removed using plastic pipettes,
placed in plastic vials and quick-frozen in a dry ice and alcohol bath. The
samples were stored at -70°C unti) analyzed .as previously described (Chou.g;
al., 1983)."’ ' |

Blood for histamine analysis was collected in chilled syringes, added to
plastic vials containing potassium oxalate and gently mixed for ten seconds.
The samples were then handled in a manner similar to the procedure for sero-
tonin and the plasma was stored at -70°C until analyied by a flurometric tech;
nique.'’ ' |

Statistical evaluation

Widely differing predose values and postcose variances fin .these &éta
negated standard analyses of variance methods. As an alternative approach,
each animal in the three (High, Low and Control) groups was tested for signif-
fcant upward or downward trend in each parameter. these trends being assessed
for statistical significance by both Pearson’ sr and Kendall's tau correlation

analyses, with the times of the sequence of successive observations serving as

the independent variates. By this approach, all animals were ’1nd1V1duaily

tested against the hypothesis that treatment had no nonrandom effects upon the
monitored parameters. Intergroup differences were then judged by comparing
the sets of intragroup tests with each other. In this way, for example, five

high dose animals, all showing a significant increase in a particular parame-

~ter, were clearly behaving differently than a population of five low dose

animals all showing elither no change or the opposite change in the same param-

eter.
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A value of P less than 0.05 (two-sided) was consf&ered statistically
significant. During the eérly time period when the high dose animals were
alive, these intergroup comparisons were buttressed by the Kruskal-Wallis
nonparametric one-way analysis of variance (Ghent, 1974; Nie et al., 1979).
Only those 1ncreases and decreases in the monitored parameters that proved
statistically significant are hereafter dtscussed. thevqualification "*statis-
tically significant” being often omittéd in the interest of brevity.

RESULTS |

Clintcal observations

Clinfcal signs were readily apparent in swine given intravascular T-2

toxin. Both the high and low dose animals reacted similarly in thé first
several hours. They began to chew and salivate within 15 to 30 minutes. This
was followed by persistent vomition and, In some animais, watery diarrhea and
flatulence. All the swine were notably restless. - Within the first hour most
animals e;hibited abdominal straining assoctated with bro1onged exhalation,
and purpli;h 'mucous membranes began tb- be apparent. Urine output was

negligible at two hours after administration of‘T-Z toxin at the high dose,’

= R D mp

while swine in the'low.dose and vehicle groups contihued to produce urine.

The skin was noticeably reddened, and the ears and limbs were cold to the

LS

touch by two to three hours. After three to four hours, the animals appeared

>

drowsy but could be aroused. Animals in the high dose group died as early as

five hours after administration of the toxin. The sigﬁs of the animals in the

A~

Tow dose group began to regress between five and six hours and at 12 hours,

the animals appeared clinically normal except for apparent reductions in

s

alértness and activity. The alterations in body temperature were unusual

&2

(Figure 1). In the high dose group, every animal's temperature etther
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increased (two animals) or decreased (three an1mals) significantly.  In the
low dose group, there was an early decrease in body temperature between
predosiné‘and one hour in all animals.

Hemodynamics ‘

The rapid onset of shock 1nduced by T-2 toxin was reflected in an early
decline in CO and AOM‘in both the high and low dose groups (Figures'z and 3).
In the high dose group, the value of both pérameters continued to decline
through death. The CO 1n'the low dose group stabilized at about four hours,
continued to be stable through eight hours, and by 24 hours was reitoredAto
the predosing level. The AOM in the low dose §roup stabilized between three
and four hours. In contrast to the stable nature of CO between four and eight
hours, there was an increase in AOM during that time period and thereafter no
further'increase was detected. At 24}hours AOM was still reduced by123 to 25
percent of the predosing value.

There was a significart increase ir heart rate in both the high and low
dose groups. It can be noted in Figure 4; however, that the rate did not
Increase appreciably until two hours postdosing. No significant trend was
detected in the TPR in the high dose group, but the TPR of the low dpse group
decreased (Figure 5). .

Both high dose and low dose groups exhibited elevations in PVR (Figure 6).
Due to the manner in which PVR is calculated (PAM - LAM/CO). an increase in
PAM or a decrease in LAM may result in ﬁn increase in the resistance value. .

This mathematic relationship is demonstrated by the high dose group in which

= o B,
e e 5

PAM increased but then decreased while LAM decreased at each time point

(Figures 7 and 8). In contrast, the elevated PVR in the low dose group

!
»

il
..;.‘.
)

occurred because PAM did not increase until after 3-4 hours, while LAM was

LAk e R RIS AL RNCRRBR TR L i ER R R




-1l -

decreasing in the zero through four hour period. After four hours, the PAM

and LAM of the low dose group increased while CO was stable. After 8 hours,

the PVR of the low dose pigs decreased as CO increased, LAM did not change and
' PAM decreased. ‘

Plasma catecholamines

Results from the 'preliminary intravascularly dosed swine revealed that
‘plasma histamine and serotonin concentrations did not increase during T-2
toxicosis, although a shock syndrome and death ensued in all the preliminary

animals. In contrast, the concéntratlons of norepinephr{ne and epinephrine

were strikingly»olevated in’ these preliminary swine. In the formal study,

tremendous oscillating'responses occurred in epinephrine and norepinephrine in

s

the high dose group (Figures 9 and 10). There was an elevated but attenuated
response in the low dose gfoup. There weré no significant Ehanges in the

" plasma concentrations of dopamine in either the high or the low dose group.

-g.
&9 S

6-keto-PGF ., and Thromboxane B,

Thg concentrations of TXB, and 6-keto-PGF,, were significantly 1ncréased

in the T-2 toxin dosed animals (Figures 11 and 12). The concentra- tion of

K55 S

6-keto-PGF,. never exceeded the limit of detection in the control group. _The

=

plasma concentration of TXB, rose before 6-keto;PG?._ in both the high and low

dose groups..

2]

Acid-base and blood gas parameters

" . “ N %

AT .
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Although the Pa0, decreased between zero and 2 1/2 hours in both groups;

ol

o

s
LS

the decline was significant only in. the low dose group. Nevertheles§ the

-

%

arterial oxygen tension remained functionally adequate 1in all groups unti)

%

immediately prior to death (Figure .13). After 3 hours PaO, began to rise

toward the predosing value and the PaCO, decreased.
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Acidosis became severe early in both groups (Figure 14). After 2 172
hours the acidosis in the low dose group began to resolve. The decline in pH,
in animals that received 4.3 mg/kg T-2 toxin was accompanied by an increase fin
plasma lactic acid from a concentration of 0.49 + .09 to 7.63 ¢+ .59 mmol/L
(mean + SEM). |

DISCUSSION
There is limited documentation that T-2 toxin has thé ability to induce

~shock.  We have investigated numerous parametérs in an effort to elucidate the

- - o v
-

-

nature of this toxic syndrome. Additional cardiovascular and pathologic

-

> _-

lf; determinations were made in these swine and will be reported subsequently.
S Between predosing and 4 hours, the rates of decline in CO and AOM in the

o

Qi

high dose group were not statistically different from one‘inothef. In other
words, while both CO (Figure 2) and AOM (Figure 3) were declining rapidly
during the first 4 hours in the high dose group, they declined along essenti-
ally parallel slopes, so the systemis resistance (TPR,'Figure 5. calculated as
_AOM/CO) did not depart significantly from a flat trend. However, our ctinical
observations of skin and 1imb perfusion strongly suggested that peripheral
vascular flow was in fact reduced. Our resistance values (TPR, Figure 5) are
calculated from parameters monitored only 1in the heart'_and aorta. If.
peripheral capillary vasculature closed su&denly and intensely, and very early
after dosing, our parhﬁeters may already have reflected resistance“to flow
through only the 'imited circuit of heart, tungs, and brain as early as the
first (30 minutes) observations. .

In contrast, TPR in the low dose group decreased from predosing through 4
hours. Again both C0>(Figure 2) and AOM (Figure 3) decreased, but the much
steeper AOM decrease resulted in a significant AOM/CO (TPR, Figure 5) downward

B A R A R R
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The rates of decline of CO in the high and low dose groups were not

statistically different from one another. Apparently the cardiac effects were

%2 e = WA

similar in both T-2 dosed groups but the peripheral' pressor responses resulted

in greater reductions in aortic pressure in the low dose group. The micro-

3

circulation retained responsiveness in the low dose group as demonstrated

=

during the 4 to 8 hour period. MWhile CO was fairly constant, the vasculature
responded by Increasing resistance, bringing the TPR back toward the predosing
value and increasing the blood pressure. ' | |

Khile these cardiovascular changes were occurring. the concentration of

L i

tatecholamines was elevated. Inspite of these chronotropic substances, the

?"—“.ﬁ

13

heart rate did not fncrease until after a delay. Normally, catecholamines

rapidly increase arterial blood pressure, cardiac output, heart rate and total

.

systemic resistance (DeQuattro and Campese, 1981). The action of T-2 toxin

i‘ apparently did not permit expression of these effects. Thus, many of the
effects could be attributable to primary cardiac and vascular factors.
, 5 Another hypothesis may also be considered. - The early and rapid decline in
';3 CO and AOM, the biphasic(responses ‘of‘ CO and AOM in the low' dose gr'oup, the
o intense restriction of peripherai flow in the hign dosé group, the high' con-
ﬁ centrations of catecholamines reflecting tremendous autonomic activity, the
: presence of cholinergic symptoms (vomiting, diarrhéa, flatulence, salivation)
:{ . and later, the apparent depression or lethargy of the ‘survivors could be
. evidence. for a significant ﬁervous system component involved in this ‘toxic
g syndrome. The disturbances in thermoreguiat?on may suggesf centfa] mediation.
?ﬁ ‘ These effects -~ould also be mediated peripherally. The occurrence of
elevated levels of norepinephrine in the presence of decreased blood pressure
@ could suppért a peripheral mediation theory since the majorlsource of plasma
L
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norepinephrine 1s peripheral sympathetic synapses. It has been debéted that
elevated concentrations of the a and B agonist, noreginephrine. coincide with
hypertension (Lake, 1984; DeQuattro et gl..'1984). However, in our experiments
blood pressure was consistently depre;sed. This could suggest an alteration
in the response of peripheral vasoactive receptors.

Several years ago it was determined that cétechqlam1nes induce platelet
aggregates to liberate vasoconstriﬁtor substances (Neil, 1975). Later it was
found that th?omboxane, in addition to other vasoactive compounds, 1¢ proddced
by platelets and has the abliity to enhance shock by causing.pulmonary hyper-
tension, coronary vasospasm and the constriﬁtion of bronchial and damaged
vascular smooth muscle (Granstrom et al., 1982; Terashita et al., 1978; Frolich
2t al., 1980). Moreover, norepinephrine potentiates the 12'11359 biosynthesis
of thromboxane (Wolfe, 1976). Feedback mechanisms between prostaglandins and
catecholamines have been described that 1nvolve.the a and B receptors, and it
has been proposed that modulation of ;drenerg1c responses may be accomplished
by prostaglandins, 1nclud1hg prostacyclin (Ziegler and Lake, 1984; Nasjlgtti
and Malik, 1982; Stjarne, 1973). ‘

Elevations in the concentrations of 6-keto-PGF.; and thromboxane B2, fhe
stable hydrolysis products of prostacyclin and thromboxane A, respectively,
were detected in all T-2 toxin dosed animals and the increase wa; concurrent
with the rise in catecholamines. This‘ observation 1s compatible with an
interaction between these substances. Generally, however, the increases in
these humoral substances were deiayed as compared to the early decling in CO
and AOM and the peripheral vascular responses, suggesting that the former were

not the ultimate cause for these alterations although they contributed to the -

hemodynamic changes.
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~shift to primarily venule constriction. In the presence of severe
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Thromboxane A,, as well as its metabolite, TXB., have been shown

pulmonary hypertension (Huttemeier et al., 1982; Watkins, et al

to induce

., 1982;

Friedman et al., 1979; Frolich et al., 1980). 1In this experiment the rise in

the concentration of TXB, compares well with the rise in PVR. PVR
substantially after 2-3 hours, and remained elevated after 4 hours
TXB. concentrations wera declining by this time in both groups. In
to thromboxane, acidosis and catecholamines may hgve contributed
increase in pulmonary resistance (Berk et gl;. 1977; Webb and Brunsaic

The early decrease in Pa0, in both groups may indicate that the
the elevated PVR Qas pr\mafily arteriolar. The subsequent increase |

the low dose group in the face of continued elevation of PVR may |

increased
, whereas
addition
to the
k, 1982).
source of
n Pa0, in
ndicate'a

acfdemia,

immedtate respiratory compensation in the form of hyperventilation and a

substantial reduction in PaCo, would have been expected. However,

that PaCO, of the low dose group decreased, remaining within the

the fact

range of

normal, may indicate an ineffective attempt at respiratory compensation. The

-absence of appropriate respiratory response may indicate an effect of T-2

toxin on the nervous system. The effect could have been enhanc#d by the

abdominal stratning that occurred in these animals and consequent impairment

of respiratory exchange.

The concentration of 6-keto-PGF.. increased after TXB, perha

ps as an

attempt to balance the effects of thromboxane A,. This increase in

6-keto-PGF o probably augmented the decrease in systemic blood.presshre. since

systemic hypotension can be produced by prostacyclin (Collins et al., 1982;

Moore et al., 1982).
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In summary, acute T-2 toxicosis in swine is characférized by an early and
simultaneous decrease in CO and AOM, and Increases in 6-keto-PGF,., cate-
cholamines and heart rate that were accompanied by a decrease in TPR in the
low dose group but the absence of an obvious trend in TPR 1in the high dose .
group. An increase in PVR occurreQ along with increases in horepinephrine.
‘TXB, and acidemia. Evidence for possible nervous system mediation of this
toxic syndrome include: the sudden decrease in CO and AOM, the differing
résponses of the microcirculation "in the high and low dose groups, the delayed
increase in hegrt rate, the erratic adrenergic résponse in the high dose group
and the sustainéd norepinephrine concentrations accompanied by decreased AOM
in the low dgse group, the presence of cholinergic clinical signs, signs
suggestive of mental -depression, lack of approprizte resptrathy stimulation
and altered thermoregulation. Further studies must be performed before a
theory of nervous system mediation of T-2 toxicosis can be substantiated.
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- FIGURE 1,

Rectal temperature of swine given the high (top) and low (middle)
dose of T-2 toxin and vehicle (bottom) intravascularly. Each line
represénts an individual animal., The alteratisns {in temperature

was significant fn a1l animals that received T-2 toxin. The *

~ denotes significant trends at p < 0.0S.
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FIGURE 2. Alterations 1n cardiac output (CO) over time in swine given T-2

-h

g

Cardiac Output (mbmin 'kg"")

toxin intravascularly and in swine given the vehicle, only. 1In the
high dose group (0----n), there were only three survivors ai seven

hours postdosing. (Mean + SEM) The * denotes significant trends

.at p < 0.05.

g

gl

8

FIGURE wo,/{
o—04.8 mg/kg (n=258=

[ - “ S &—A06 xg{n =5
o TN sy emmaces

\




.25‘

C

FIGURE 3. Changes in mean aortfc blood pressure (AOM) over time in swim
given T-2 toxin or vehicle intravascularly. (Mean + SEM) The !
denotes significant trends at p < 0.05.
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| FIGURE 4. Changes in heart rate (beats per minute) of swine given T-2 toxin
intravascularly. (Mean * SEM) The * denotes significant trends at

p < 0.05.
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FIGURE 5. Total peripheral resistance (TPR) expressed as a percent of ¢t

predosing value in swine 'given T-2 toxin intravascularly, (Mean

SEM) The * denotes significant trends at p < 0.05.

3

FIGURE FIVE

8

Total Peripheral Resistance % of Predosing

48 mgkg(n = 5)
- &—=—aq0.6 mg/kg (n = 5)%
o 28— vehicle (n = 5)
0 1 1 L 1 (1 1 1 B | _71,L A _’l’l J
& 1 2 3 4 5 7 8 12 7 24
- Predosing - - _ Hours Post-Dosing - -




FIGURE 6. Pulmonary vascular resistance (PVR) expressed as a percent of the
predosing value in swine receiving T.2 toxin {ntravascularly,

(Mean + SEM) The * denotes significant trends at p < 0.05.
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FIGURE 7, Mean pulmonary artery pressure (PAM) in swine receiving T-2 toxin
intravascularly. (Mean * SEM) The * denotes significant trends at
p < 0.0,
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FIGURE 8. Mean left atrial pressure (LAM) in swine receiving T-2 toxin intra-
| vascularly. (Mean * SEM) The * denotes significant trends at p ¢

0.05.
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FIGURE 9. Concentration of plasma epinephrine 1n swine given the high (top!
and Tow (middle) dose of T-2 toxin and vehicle (bottom) intravas. ,
cularly, Each Yine represents an individual animal. The * denote:

significant trends at p ¢ 0.0S.
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FIGURE 10, Concentratfon of plasma norepinephrine in swine given the high
| (top) or low (middle) dose of T-2 toxin and vehicle (bottom)

intravascularly. Each line represents an individual animal., The *

denotes significant trends at p < 0.05.
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FIGURE 11. Plasma concentration of thromboxane B, (TXB,) in swine given
the Mgh'(top) or low (middle) dose of T-2 toxin and vehicle
(bottom) 1Intravascularly, Each 1line represents an individua)

animal. The * denotes significant trends at p < 0.05.
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FIGURE 12. Plasma concentration of s-keto-PGFh in swine given the high
(top) or low (bottom) dose of T-2 toxin {intravascularly. Each line
&presents an  1individual animal. The concentration of
6-keto-PGF, never exceeded the limit of detection in the vehicle
group. The * denotes significant trends at p < 0.0S.
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FIGURE 13. Concentrations of arterial blood oxygen (Pa0,) and carbon dioxide
(Pacoz) in swine gfven T-2 toxin or vehicle {ntravascularly.

(Mean ¢ SEM) The * denotes significant trends at p < 0.05.
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FIGURE 14, Alterations of arterfal pH (pH') over time in swine given T.2
toxin or vehicle {ntravascularly. (Mean * SEM) The * denotes

significant trends at p < 0.05.
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B. EXPERIMENTAL T-2 TOXICOSIS IN SWINE. II. EFFECT OF INTRAVENOUS T-2 TOXIN
ON SERUM ENZYMES AND BIOCHEMISTRY, BLOOD COAGULATION AND HEMATOLOGY--'

Roseanne M. Lorenzana, Val R. Beasley, William B. Buck, Arthur W. Ghent
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ABSTRACT . | - | L

Q Exper‘lmenfal T-2 Toxicosis in Swine. II. 'Effect of Intravenous T;Z Toxin

ﬂ on Serum Enzymes and Biochemistry, Blood Coagulatjon and Hematolocjy. Lqren-

zana, R. M., Beaslley, V. R., Buck, W. B. Ghent, A. N. (1985). [u_nm Appl.

a Toxicol. T-2 toxin was given as a single intravascular dose at either 0.6 or

4.8 mg/kg to different groups of fifty kilogram, female swine. Blood samples

g ‘were taken at hourly intervals for determination of concentrations or activi-

ties of the félldwing su.bstancesl'in serum or plasma: crgati‘nlne, blood -urea

ﬂ ni‘troqen,,' 1nor‘gan|c‘phosphorus. total ca1c1um', u1trafiiterable calcjum. magne-

g stum, sodium, potassium, chloride, total protein, albumin, cholesterol, glu-

cose, alkaline ph'osphatase. aspartate aminotransferase, and total bilirubin.

. Coagulation _analyses included prothrombin time, partial thromboplastin thpe,
activated coagulation time, and fibrin degradation products. Red blood cell.'
white blood cell, and platelet counts, hempglob!n concentrations and hemato-
crit, were determined from whole 'blood“samples. An initial leukocytosis was
followed by a leukopenia. The numbers of red ceﬂs. the hemoglobin concentra- '

" tion, and the hematocrit were increased. Nucleated red blood cells were seen
in the Iblood smears. The serum concentration of bound calcium dé_creaéed. while.
phosphorus, magnesium and potassium increased. Clinica) screening tests de-

g tected no evidence of a coagulopathy in swine given T-2 toxin intravascularly.
r
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INTRODUCTION

T-2 toxin, a potent trichothecene mycotoxin produced primarily by members
of the genus Fusarium, has been reported to cause 1hfert111ty-(Neaver et al.,
1978a), hemorrhagic "moldy corn disease" (Bamburg et al., 1969), vomiting,

paresis and death (Weaver et al., 1978b) in swine. In this study, T-2 toxin

.was given fintravascularly to characterize the pathophysiology of the shock

syndrome that can be a lethal as well as a sublethal effect in swine (Beasley,
1983; Lorenzana et al., 1985). T-2 toxin has recently been identified as a
component of the "Yellow Rain" chemical warfare agent (Rosen and Rosen, 1982).
§uine were used as a model to study the possible effects of "Yellow Rain"
toxicosis in man. In this report, the enzymatic and biochemical changes de-
tected in serum, the effect on blood coagulation and altérations in the hemo-
gram induced By intravenous T-2 toxin are described. Hemodynamic parameters
were also determined in these animals and are described in a companion report
(Lorenzana et al., 1985).

MATERIALS AND ﬁETHODS

Chemical and Animals

. Purified T-2 toxin; was dissolved in 6.5 mL of 70 percent ethanél at room
temperature. |
White, crossbred, female swine ranging from 40-60 kg were jmmunizé& against
erysipelas,* given an intramuscular injection -of selenium and allowed to

acclimate to. their housing and feed for four to seven days prior to surgical

catheterization of the pulmonary artery, .aorta, and left atrium. After sur-

gery, the animals were allowed to recover for two té four weeks, and were
active and in good health at the time of the study. They were fed a standard

ration which contained no detectable concentrations of deoxynivalenol

!%JHEﬁ5NNﬁHwilllKEOﬁ0ﬁ0UﬁKE&Qm3E&Nﬂﬁﬂ?ﬁh&ﬁ&ﬂﬂ%ﬂ%&yfﬂﬁﬂkXENOQ?KQCkHﬁYQ%i%W&M&ﬁﬁﬂﬁﬁﬁm&m
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(vomitoxin), zearalenone, T-2 toxin, diacetoxyscirpenol (DAS) or aflatoxins
B1, B2, Gl and G2.° |

Surgical Preparation

The manner 1in which catheters were placed in the pulmonary artery, aorta
and left atrium, have been previously described (Lorenzana et al., 1985).

Experimenfal Protocol

Pigs were divideq into three groups. A lethal dose of 4.8 mg/kg T-2 toxin
which was four-fold higher than the approximate pigs Intravascular LDSO (KWeaver
et al., 1978b) was given to five swine (high dose group), and a sublefha1 dése

T 0.6 mg/kg was administered to five other swine (low dose groupi. T-2 toxin
was given as a single fntravascular dose in 6.5 mL of 70 percent ethanol as a
vehicle. The six animals 1n the control group received only the vehicle
intravascularty in addition to undergoing identical surgical and handiing
procedures.

On the day of the study, the conscious animal was reéfrained in a webbed

stanchion which allowed the pig to rest on its sternum and abdomen while its

legs hung below the webbing. ‘All swine quickly adapted to this method of

‘restraint and appeared to rest .comfortably. After the overlying' skin was

infiltrated with 2% 'Iidotaine HCl, the catheters were exteriorized through
small skin 1ncisions and attached via manifolds to measur1ng and sampllng
devices.

Blood samples for baseline (pfedosing) c¢linical determinations were
collected and the toxin was then administered into the pulmonary artery by a
continuous infusion over a five minute period.® The ‘beginning of the infusion |

was considered to be the starting time of the expériment. In the evaluation

. of the acute toxicity of a new compound, {intravenous administration fis
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generally the initial route of exposure in expérimental animals. This ensures
that 100 percent of the dose has been absorbed and, therefore, simplifies the
dose-response relationship. In our experiments the catheter in the root of
the pulmonary artery gave access to the venou§ circulat!dn. . |

Blood samples were collected via the aortic catheter at hourly intervals.
A1l catheters were frequently flushed with heparinized saline to ensure patency
and the absence 6f clots in' the ;amples. Throudhout the experiment.'each pig
received four liters of fluid due to this flﬁshing. The amount of bloqd taken
for clinical determinations was less than ten percent of the animal's total
blood volume (i.e.: 500 mL or less). The heparinized saline and an aliquot
of blood were withdrawn from the catheter and discarded prior to the collection
of a blood sample for analysis. .Urine was collected from all experimental
animals; however, it was quantitated only in the high dose group.

In the high dose group, samples were taken hourly until the time of death.
In the low dose and control groups, samples were taken at 0, 1, 2, -3, 4, 5, 6.'
7, 8, 12 and 24 hours after toxin administration. The swine were anesthetized
with sodium thiamylal and then killed by exsanguination.

Laboratory Determinations

ATl blood samples were collected through the aortic catheter.b Serum for
blochemical and enzymatic evaluations was collected after allowing the blood
to clot at 37°C for two hours. The concentrations of creatinine, total pro-
tein, albumin, cholesterol, glucose, phosphorus, calcium, b1dod urea nitrogen,
sodium, chloride, potassium, and total bilirubin and the activities cf alkaline
phosphatase (SAP), and aspartate aminotransferase (AST) were determined by an
autoanalyzer." When the determined values were above the working range of the

autoanalyzer, samples were diluted and reanalyzed. Bound and unbound calcium
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in serum samples were separated by ultracentrifugation. Four cc of serum were
placed in a membrane cone® and centrifuged at 1000 g for 20 minutes. The

calctum content of the ultrafiltrate was determined as descri/ibed above. Magne-

sfum concentrations were determined by atomic absorption spectrophotometry.’®

Whole blood was collected in fubes con‘taining £ED for hematologic
evaluation. The hemoglobin concentrations were determined by the

cyanmethemoglobin method.'® - Cell and platelet numbers were determined by an

2 R O X IB e Em

electronic particle counter,''''? and the white blood cell differential was.

determir_\ed from _blood smears. One hundred cells were obsérved for every 1 «x

=

10* white blood cells per ul counted in the total. Plasma prothrombin time

b A

and partial thromboplastin ‘time were determined from bl samples to which

sodium oxalate had been added.'® Activated coagulat'ion time was determined by

-]

immediately adding freshly collected blood to a premeasured amount of

diatomaceous earth and determining the number of seconds that transpired from

2

the moment the blood confacted the earth until the firstl signs of clotting

were visible.'* Serum for quantitation of fibrin degradation products was

A3

obtained by adding blood to tubes containing thrombin and an enzyme

- n

i-:':a@l

ra

inhibitor.'s Al serum and plasma samples were frozen and stored at -20°C

prior to analysis. Analyses were per- formed within five days of collection.

PR

‘Statistical Evaluation

Exs

Widely differing predose valugs and 'postdose variances in these data

negated standard analyses of variance methods. As an alternative approach,

2

each animal in the three (high, tow, and control) groups was tested for sig-

nificant upward or downward trends in each parameter, [these trends being

| ¥

assessed for significance by both Pearson's r .and Kendal]l's tau two-tailed

correlation analyses, with the time sequence of successive pbservations serving

o=

dal
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as the independent variate. 1In this approach, all animals were individually
tested against the hypothesis that treatment had'no nonrandom effects upon the
monitored parameters. Inter-group differences were then j@dged by comparing
the sets of intra-group tests wifh ea;h other. In this way, for example; five
high dose‘animals, all.showing a significant increase in a particular parame-
" ter, are clearly behaving differently than a population of five low dose
animals, all sthing either no change or the oppqsite change in the same
parameter. |

A va}ue of P less than 0.05 was considered stafistically §1gnif1cant.
During the early time period when the high dose animals were alive, these
inter-group comparisons were buttressed by Kruskal-Wallis nonparametric one-way
analysis of varfance (Ghent, 1974; Nie et al., 1975).
RESULTS

Serum Enzymes and Biochemistry

The high dose group hadlthe greatest changes in serum ion concentrations
(Figure 1). Potassium and magnesfum progressively increased while calcium de-
créased. In the Jow dose group, a decrease in calcium also occurred but the
éoncentration later began to increase toward the predosing concentration. At
various time points, the concentrations (mg/dL) of ultrafilterable calcium in
the high dose group ranged from 4.0 + .2 to 4.7 + .2, in the low dose group
from 4.5 + .4 to 5.4 + .8 and the control group from 3.3 + .5 to 4.7 + .7
(mean + SEM); No trend was observed in the ultrafilterable calcium in any
group during the experiment. 1[It was, therefore, the concentration of bound
calcium that significantly decreased in both high and low dose groups. This
decline 1n concentration of bound calcium occurred along with a decline in

blood pH (Figure 2).



€51 0 & B 55 - 8

IS

&

t,

a3 ~'}5‘5? IIE§

p=Y IR I X LA

oL

| 3]

- 43 -

In the high dose group, serum concentrations of inorganic phosphorus
increased over time (Table 1), whereas there were no trends in the low dose
and vehicle groups. The concentrafion of blood urea nitrogen became increased
in both the high and low dose groups (Table 1). * An inérease in serum creati-
nine from 1.2 + .06 mg/dL to 2.3 + .4 mg/dL (mean + SEM) occurred in the high
dose group only. No siqnj?!cant trends were detected in the low dose and
cqntroi groups. ' '

| The activity of SAP was'signlflcaﬁtly 1ncreésed in the high dose group only
(Table 1). AST activity increased significantly from 34.4 + 3.7 U/L at pre-
dosing to 84.3 E'IS U/L at 7 hours postdosinglin the high dose group and from
32.2 + 3.5 U/L at predosing to f8.6 + 30.2 at 24 hburs-postdosing in fhe Tow
dose group (meanlz SEM). No significant trend occurred in the concentrations
of sodium, chloride, vtotal protein, albumin, cholesterol, g¢lucose, and
bilirubin. '
Hematology ’
Although the total white biood cell count (WBC) was fncreased in both high

and low dose groups at one hour, thereafter a siénif!cant decrease occurred in

" both of these groups (Figure 3).. In the low dose group, there was a subse-

quent increase and by 12 hours postdosing the WBC was similar to the predosing

_number.

The early leukocytosis and the latter leukopenia was due to fincreases

followed by reductions in absolute numbers of both neutrophils and lymphocytes

(Figures 4 and 5). In the low dose group at 24 hours postdosing the number of
lymphocytes was approximately 37 percent Qf the predosing number. Significant
decreasing trends occurred in the absolute numbers of monocytes and eosinophils

in the high dose group, but no significant variation occurred in the low dose
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group. In the high dose group, the numbef of monocytes per microliter of blood
‘decreased from 631 s 217 at predosing to zero at 7 hours postdosing (mean »
SEM), and the number Bf eosinophils per microliter of blood decreased from 837
'+ 174 at predosing to 152 + 55 at 7 hours postdesing (mean ¢ SEM). No
significant trend occurred in any'group In the number of bands and basophils.

In the hlgh dose group, between predosing and 7 hours postdosing, signffi-
cant elevations occurred in the hematocrit, the numbgr of red blood cells and
the hemoglobin concentration. The hematocrit (%) increased from 33.4v3 2.1 to
'38.5 + 2.1, the number of red blood cells (1 x 10° per microliter) increased
from 7.6 + .6 to 9.0 + .7 and the concentration of’hemoglobin'(gldL) increased
fon 10.9 » .6 to 12.8 &+ .9 (mean s+ SEM). No significant trend in these
parametérs occurréd in the low dose or control groups. '

Nucleated red blood cells (metarubricytes) were seen in the peripheral
blood smears in both the lpv and high dose groups (Figu;e 6).. In the high
dose group, the number continued to Increase at each successive observation.
In the low dose group, their incidence began to decrease after six hours, and
by 29 hours, no nucleated cells were observed. |

'‘Blood Coaqulation Parameters

No significant trends occurred in any of the grpups'in prothrombin time,
partial thromboplastin time, activated coagulation time, platelet number and
fibrin degradation producté.

Urine Production

The high dose animals produced an average of 94 mL of urine during the
first four hours. No urine was pfoduced by these pigs after four -hours. The
low dose and control animals produced urine (greater than 300 mL at one

“urination) and continued to voluntarily micturate throughout the course of the

experiment.
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DISCUSSION

There 'is Iimlted‘doéumentation that T-2 toxin has the ability to induce
shock. We have 1nvestigated numerous parameters in an effort to elu‘cidate the
nature of this foxic syndrome. A companion report discusses several of these
parameters. Pathologic (Pang et al., 1983) and blood flow studies conducted
in ,these.a‘nimals will be reported in future publications. |

Alterations 1in hemodynamics during the shock éyndrome resulted In
diminished perfusion and contributed to organ dysfunction (Loren;ana et al.,

1985). In the high dose group at 4 hours postdosing, when systemic blood

pressure fell below an adequate renal filtration pressure of 60 mm Hg, urine

§3 production ceased (Guyton, 1976). The serum ’data would suggest decreased
- renal clearance of blood urea nitrogen, creatinine, 1norg§nic phoshorus, and
I’ potassium. Iti Is likely that the increased serum concentrations of these
5? | substanées occurred not only as -a result of inadequate blood pressure but also
' from renal vasoconstriction due to elevated c1rculat1n§ catecholamines  and
g thromboxane. |

. An additional source of the elevated blood urea nitrogen may have been from
§§ the breakdown of structural proteins and the increased activity of AST in both
f; groups may suggest toxic or 1;chem1c damage ' to v1§ceral or muscular tissqes.
. In the low dose group, systemic pressure was reduced but remained adequate for
Eg renal f11tratioﬁ; organ dysfunct1on was not as severe; and concentrations of

cathecholamines and thromboxane wera not as great as in the high dose group.

s

Consequently, the rate of increase in the concentration of blood urea nitrogen

and AST in the low dose.grdup was attenuated and there was no significant

I1ncréase ~in the concentrations of creatinine, 1inorganic phosphorus or

potassium.
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Other circumstances probably contributed to the change in serum fon
concentrations in the high dose group. A severe metabolic acldosis occurred
in these animals (Lorenzana et al., 1985). The increase in serum potassium
could have been augmented by an exchange of intracellular potassium for
extracellular hydrogen ions. The increased 1norg§nfc‘phosphorus concentration
may have been enhanced by blockade cf the productton of ATP and/or excessive
destruction of ATP,

In the high dose group, tissue damage was the most probable source of the
.Intreases'In serum magnesium and the activlfy of SAP. In soft tissue, the

intracellular concentration of magnesium is greater than the concentration in
extracellular fluid. SAP could have eséabed fom damaged cells fin the ltver
during the metaboltsm of T-2 toxin (Beasley,.lésﬁ) or from the gastrointestinal
tract where necrosis was histolqgiﬁally apparent (#ang'gg gl.; 1983).

A probable initiating impetus for the decline in bouﬁd calcium was acidic
blood pH. Hydrogen ions competitively displace fionic calcium frdm albumin
m#king it unbound. Homeostatic mechénisms work to maintain a constant concen-
t;ation of unbound calcium. Since this occurs within minutes, the expected
measured effecf s a decrease in bound calcium and this is what was observed
In these experiments. It has been propcsed that d. solubtlity equilibrium
exists between bone and the extracellular fluid éompartment (Popovtzer and
Knochel, 1980). An inverse relationship between serum calcium and §erum phos-
phorus s present during extreme, acute changes in serum phosphorus, so that
the product of both lons remains constant. Thus, elevat%bns tn phosphorus and
magresium may have exerted an additfonal hypocalcemic effects through
equitibria and hormonal mechanisms, respectively (Méssry et al., 1970;

Gitelman ot al., 1988).
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Excessive concentrations of plasma epinephrine and norepinephrinz,
diminished cardiac output and hictological evidence of myocardial damage were
observed in these animals (lLorenzana et al., 1985; Pang et al., 1983). Adren-
ergic agehts promote nydcardial calcium fon influx as a pharmacologic action
(Balaza and Bloom, 1982) and an increase in the éalcium content of the myo-
cardium has been associated with myocardial lesions (Fleckenstein, 1970; Lehr{
1981). The physiologic alterations induced by direct'or fndirect action of
T-2 toxin may have caused an excessive calcium ion influx suffictent to cause
myocardial injury.

Although focal areas of hemorrhage were observed in these swine (Pang é;
al., 1983), the single intravascular doses of 7-2 toxin in this study did not
cause hemostatic deficlencies as determined by ciinically émployed screening
tests and numbers of circulating platelets. Other reports have associated T-2
toxin witih coagulopathies identified through .assessment of individual clotting
factors (Gentr} and Codper, 1983; Gentry, 1982). |

The pattern of the leukogram of animals that received T-2 toxin refiected

a stress response (Schaim et al., 1975). The initial leukocytosis followed by

By

leukopenia resembled an epinephrine response in which cells are shifted from

the marginal to the circutating pool of cells. In the low dose group, the

S ]

neutrophilia, Ilymphopenia, and eosinopenia at 24 hours postdosing were,

compatible with the effects of endogenous steroids in response to stress.

=]

The leukopenic period in both high and low dose groups may have been due

:} to sludging in peripheral or pulmonary vessels, margination, destructicn, or

iﬁ excessive utilization. Our blood samples were collected from the aorta and,
therefore, represent an evaluation of the white blood cell ﬁopulation in major

;% vessels, on!}. However, . during histopathologic examjnatioﬁ increased numbers

. of leukocytes were noted in the liver and lung (Pang et al., 1983).

;} ,
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T-2 toxin is known to have suppressive effects on leukocyte production and
to cause lymphold degeneration in several specles (Weaver et _1;. 1978b;
DeNicola et al., 1978; Gentry, 1982; Murphy et al., 1978; Friend et al., 1983;
Ueno, 1984). Necrosis and cellular debris in lymphotd tissue and in the bone
marrow were observed in these animals (Pang et al., 1983). Lymphocytes have
‘the ability to return to lymphoid tissue after being released into the circu-
lation (Schalm et ali, 1975). It is possible that actual lysis of lymphocytes

occurred and contributed to the sustained Iymphopenia observed in the low dose

group.

The appearance of circulating nucleated red blood cells without a
concommitant decrease in numbers of mature red blood cells s suggestive of
injury to the bone rrow endothelium. Since no nucleated red blood cells

were observed in the low dose group at 24 hours, it can be assumed that the

4

e .

damaging'influence. erhaps ischemia or a cytotoxic effect of T-2 toxin or its

s

metabolites, was no| longer present. Diacetoxyscirpenol and deoxyﬁivalenoI,

S Sa

other trichothecene mycotoxins, also cause the appearance of nucleated red

St
e’

4

blooq cells in the peripheral circulation of swine and cattle (Cbppock, 1983).

As expected in multisystem syndrome such as T;Z toxin induced shock,
there are combined and complex interactions. In this discussion of numerous
biochemical and hemakologtc parameters, we have examined the effects of T-2
toxin and suggested possible causes; however, further research is needed. In

'the glucidation of this pathologic state, we have described the result 6?
physiolodic alterations and the primary clinical problems. The mode of action

of the agent must be |further characterized in efforts to reach an ultimate goal

of control and theraﬁy.
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FIGURE 1: Serum concentrations of total calcium, potassium and ugnesih in
| swine given T-2 toxin intravascularly. The high dose group demon-
strated the greatest alterations in these fons. (mean *+ SEM)
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FIGURE 2: Serum concentration of bound calcium and arterial blood pH in swine
recefving 4.8 mg/kg T-2 toxin intravascularly. Both serum calcius
and blood pH demonstrated decreases over time. (mean *+ SEM)
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FIGURE 3: Total white blood cell concentrations in blood of swine givén T-2
toxin {intravascularly. Blood samples were collected from the
ascending aorta. An inftial leukocytosis was followed by a leuko-

penfa. (mean * SEM)
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FIGURE 4: Absolute number of circulating segmented neutrophils in swine given
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FIGURE 5: Absolute number of circulating lymphocytes in swine given T-2 toxin

intravascularly. (mean * SEM)
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FIGURE 6: MNucleated red blood cells in peripheral blood of animls'given T-2
toxin intravascularly. No nucleated red blood cells were observed

in blood smears of the vehicle dosed animals. (mean ¢ SEM)

}_h < gt Pt
B 50 MR ) S BB O aS B o W o W

aor 1 riGuRs six
1500 P
g1 4 morg in = 8
3 06 mg n = 8
§
3 |
-
(4




- w -
TABLE 1
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i
' Table 1 )
Serum Blochemics! Yelues in Swine Given T7-2 Toxin intrsvescularly
Mean (= SEM) _
MoursPost-Dosing & 1 2 t | 4 ] [ ] 7_ ¢ 12 2
(my/en) .
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Y, ‘ (% (B (@9 (N O @206 1 OO
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PATHOLOGY REPORT: EXPERIMENTAL T-2 TOXICOSIS IN SWINE--Victor F. Pang

". ,Sumary. of gross findings from pigs described in previous two studies
a. Group 2 (4.8 mg/kg; n = 5) | | |
The snout and abdomilr‘la'l skin were .nghtly to moderately purple.
The laterlal aspect of the left apical and cardiac lung lobes were
tightly adhered to the thoracic wall in each pig. There was approxi-

mately 40 to 50 mL of a straw-colored clear fluid in the thoracic

£H A SE B 5 S 5 B

cavity of one pig. - Adhesions due to catheterization were noted

between the'bericardial sac and the epicardium in four pigs. Five-

[ URS

hundred m1 of blood-tinged fluid was present in the pericardial sac
of the remaining pig. -‘ Areés of moderate to severe subendocardial
hehorrhage were seen in the left ventricle, especially iIn the area

adjacent to t_he mitral valve.

The peripheral and visceral lymph node§ were moderately swollen,

i
4
. 5 ' mottied red and slightly to moderétely edematods. The spleen was
% soft and the whlte‘pulp was not as prominent as normal. -
a The mucosa'of the gastric fundus was diffusely dark red to
@ 1 purple and was covered by a layer of thick mucus. The mucosa of the
 {leum, especially 1in the.terminal portion, was diffusely red. The
3 ' : | contents of the small intestine and spiralﬁ colon were semifiuid.
_ There were no formed feces in'the terminal colon. |
53 ~ The liver was mottled red. The wall of the gall bladder was
ﬁ severely edematous. Occasional petechial hemorrhages were present on

the surface of the adrenal gland and the parenchyma was mottled red.

ﬁ ' The mucosa of the uterus was red. The meninges were congested, and

i
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in some cases, there .2re large bright red areas grossly indistin-
guishable from hemorrhages. Occasionally, the thyrold gland was
mottled red. |

b. Group 3 (0.6 m§/kg; na=25)

Fibrotic adhesions due to surgical manipulation and catheteriza-
tion were Qeen between the left lung lobes and thoracic wall in all
pigs of this group as observed in group 2. In addition, four pigs
had fibrotic adhesions between the pericardium Snd epicardium. Hydro-
pericardium was seen in one pig. Mild linear erosions were found'1n
the fundic portion of the stémach of two pigs. One pig had prominent
edema in the capsule and adjacent connective tissue of the pancfeas.
Fo;al]y extensive hemorrhage (approximately 5 percent of the organ)
was noted in the subcapsular region of the pancreas of one pig.
Focal necrosis of the mucosa was‘obserQed in the cecum of two pigs.

¢c. Control pigs (vehicle only; n = 2 in eath group)

Aside from fibrotic adhesions between the left lung lobes and
thorac1§ wall, as well as between the pericardium and épicardium. no
other abnofmallties were found.

2. Summary of histopathologic findings
a. Group 2 (4.8 mg/kg; n = 5)

Thymus. There was mild to moderate lymphold depletion and a
small to large number of tingible body nncropﬁages 16 the cortex.
Mi1d to moderate lymphocytic necrosis was noted in the medulla with

some small eosinophil aggregates randomly present.

Palatine tonsil. Diffuse, severe lymphocytic necrosis, mainly

in the germinal centers, was accompanied by areas of mild to moderate
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neutrophil infiltration. Multifocal, mild to severe degeneration and
necrosis occurred in the crypt epithelium. A moderate to large
number of transepithelial lymphocytes were undergojng degeneration

and necrosls.

Submandibular, cervical, mediastinal, bronchial, mesenteric and

inquinal lymph nodes. There were diffuse, moderate to marked 1ympho-

cytig depletion and lymphocytic necrosis, primérily fn the germinal
centers. Mild to moderate.reticuloendoethelial hyperplasia and areas
of edema and small neutrophil aggregates were seen in the sinuses and
were accompanied by areas of hemorrhages, primarily in the subcapsular

'region.
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Spleen. Diffuse, moﬁerate~ tol severe 1ymphocyt1c necrosis and
1ymphoid depletion were observgd in the white pulp with scattered
mild perifoliicular hemorrhage. The red pulp was moderately to
severely congested with mild to moderate ieukocytosis (neutrophils)

“in the sinuses. |
Stomach. Areas qf epithelial sloughing were present on thé
‘mucosal surface. 'Diffuse. moderate to marked congestioun, moderate

edema and areas of mild hemorrhage were noted in the luminal bhase of

v &3 B

the lamina propria. Occasionally, fibrin thrombi were seen in capil-

"

laries. Necrosis was observed in the small'Jymphoid nodules of the
submucosa and in the lymphocytes of the lamina propria. |
™ Intestine. Mild to severe villous necrosis, primarily in the

small intestine, was observed. Congestfoﬁ. occasional mild hemor-

rhage and fibrin thromb! were also present. Moderate to severe crypt

h %,
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epithelial necrosis was diffusely present, especially in the jejunum
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and Yleum. The number of mononuclear cells in the lamina propria was
moderately 1ncreased throughoﬁf the intestine. Severe necrosis was
noted in the lymphocytic population. Prominent necrosis was seen in
Peyer's patches and lymphoid nodules throughout the submucosa.

Gall bladder. Moderate to severe subserosal edema was present.

Liver. Areas of mild to moderate congestion and sinusoid leuko-
.cytosis (neutrophils and lymphocytes) were noted. Occasionally, there
was a mild neutrophil and eosinophil infiltration in the pgrllbbular
fibrous tissue. The hepatocytes were slightly swollen.

Pancreas. Occasionally,, ,1nd1vjdual_ cell degeneration and
hecrosis were present in the islets of Langerhans.

Lung. The bronchus-associated 1ymphoid nodules and  the
perfbronchiolar and periv;scula% lymphold aggregates were moderately
to severely necrotic. Areas of .congestion were noted in the
Interalveolar septa. ' B

Heart. Diffuse, subepicardial fibrosls..edemﬁ. neovasculartza-
tion and minimal mononuclear _cel] infiltration associated: with
catheterization were seen in four pigs. Areas of mild to severe

conges- tion and hemorrhage occurred 1{in the subendocardial

" myocardium. Focal hyalinization and 'fragmentation were present in-

the affected musclé bundles. _
Kidney. Scattered mild fibrosis and mononuclear cell infiltrates

were seen in the interstitium. Céllular necrosis was noted in the

‘mononuclear - cell - infiltrates and subpelvic lymphoid nodules.

Congestion was present in the glomeruli and interstitium.
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Adrenal. Individual cell degeneration and necrosis were randomly

distriButed in the cortex. Mild' leukocytosis was present in

.caplllaries.

Ovary. Degenefation and necrosis occurred in the ova of primary
follicles. |
‘ Uterus. The lamirnz propria of the endometrium was modérateiy
cohgested. '
Brain. The meninges as well as _parenchymal weré“ moderately
congested. |

Bone marrow. Mild cellular necrosis was observed.

Rib (costochondral junction). There weré only a small number of
osteoblasts along th. cartilagenous spicules of the calcification
zone. Moderate cellular necrosis was noted in the marrow cavity.

Spinal cord, eye, esophagus, trachea, aorta, bladder, skeletal

muscle, tonque, parotid salivary qland, skin, mammary g]hnd, pituitary

gJand. sc1at1é nerve. No significant lesions.

Group 3 (0.6 mg/kg; n a 5)

| 'Iﬂimg§.~ There was scattered 1n6i§1dual cel! necrosis and a
moderate to marked 1ncre$se fn the number bf tingible body ﬁacfophages.
tn the cortex.

Lymph Nodes. 'Minimal Tymphocytic necrosis as well as prominent
iymphoid and RE hyperplésia were noted. Occasional moderate
hemosiderin deposition was also present. |

Spleen. Minimal iymphocytic necrosis in the germinal centers cof
the follicles and mild to moderate neutrophilic infiltration in the

red pulp were observed in twn pigs.
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Palatine Tonsil. Miniﬁal lymphoid necrosis and moderate 1ymphoid

hypérplasla were seen 1n‘two pigs.

Heart. Four pigs had moderaté to marked diffuse subepicardial
fibrosis which was associated with catheterizafion. Occasional deeply
eosinophilic myofibers with pyknotic nuclet were noted in the
myocardium. , |

Pancreas. There was moderate, multifocal degeneration and
necrosis of single or small groups of acinar cells characterized by
vacuolfzation, globular condensation of the cytopiasm as well as
nuclear pyknosts and karyorrhexis.

Control pigs (vehicle only; n -.2 in each group)
Aside from prominent subepicardial fibrosis of the heart; no

other lesions were observed in any internal organs.
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C. SYSTEMIC DISTRIBUTION OF BLOOD FLOW DURING T-2 TOXICOSIS--Gregg R. Lundeen

OBJECTIVE:
To determine how the distribution of cardia
T-2 toxicosis progresses over time.

HYPOTHESIS TO BE TESTED:

t output 1s altered as acute

The fraction of cardiac output supplying the viscera, musculature, skin

and kidneys 1s vastly reduced in T-2 toxicosis a
the animal attempts to conserve blood flow to the
ABSTRACT:

Three groups of swine (6 per group) were use

s cardiac output declines and

brain and heart.

d to determine hemodynamic and

blood flow alterations induced by T-2 toxin. Two groups were dosed at 0.6 or

2.4 mg/kg T-2 toxin, and one group served as
ethanol).
90-minute intervals for 6 hours postdosing usin
labeled microspheres injected fnto the left at
were obtained at the same time pqints.

The tefuston of T-2 toxin resulted in reduct
trend appeared to reverse itself in the low-do
percent of predosing at 3 hours; 85 percent at 6

dose group, cardiac output continued to decline

vehicle control (70 percent

Organ blood flow ‘was determined at| 0 hour (predosing) and at

15 m diameter radionuciide-

rium. Hemodynamic parameters

fons in cardiac output. This

ge ahimals after 3 hours (72

hours), whereas in the high-

(58 percent of predosing at 3

hours; 36 percent at 6 hours). Mean aortic pressure (MAP) declined in a

dose-dependent fashion which tended to parallel the reduction observed in

cardiac output (Low dose MAP: 64 percent of cont

6 hours. High dose MAP: 62 percent of contro

hours). Heart rate was increased in both groups

rol at 3 hours; 72 percent at
at 3 hours; 37 percent at 6

treated with T-2 toxin. HKWhile
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toéal peripheral resistance decreased in the low-dose group, f#t remained
unchanged at the high dose. Pulmdnary vascular resistance was increased in
both T-2 groups. Left and right ventricular work decreased following
administration of T7-2 toxin at both high and low doses. Blood gases showed
maintenance of -arterial oxygen tension, slight'decreases in arterial carbon
dioxide tensions and intense reductions in pH.

Blood flow to the brain, heart and kidneys decreased following exposure to
the toxin. However, the relative percehtage of cardiac output received by
these organs w;s maintained despite the drop in blood flow. Pancreatic and
splenic blood flows were tﬁe most severely compromised as a result of T-2
toxicosis. Cohsequently, the percentage of cardiac oUtput going to the pan-
creas and spleen was reduced dramatically. Adrenal, hepatic and total‘gastro—
intestinal blood flows increased or did not change from control values. As a
result, the perce:tage of cardiac output supplying these organs increased.
INTRODUCTION | |

T-2 toxin is a trichothecene mycotoxin produced by several species of
Fusarium. Debilitating disease states and even death have been reborted in
‘humans and 1ivestock following consumption of grain contaminated with these
fung! (26). More recently, this toxin has been implicated as a chemical
warfare agent (5). |

Because:T~2 toxin has been shown to cause alterations in cardiovascular

'function, there i¢ a need to characterize the shock-1ike syndrome associated
with it. Although some research has been performed in this area, conflicting
reports exist as to 1its effect on the cardiovascular system in different
animal species. The effect of the shock syndrome induced by T-2 upon the

sysfemic distribution of blood flow in swine has not been previously reported.
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The use of radionuclide-labeled nicrosbhoros allows determination of cardiac
output as well as distribution of blood flow to the various organs. He
employed this technique to examine the cardiovascular effects of T-2 toxin in
pigs at 0.6 mg/kg and 2.4 mg/kg and compared them to vehicle control’ (70 per-
cent ethanol) vd!uoi. Swine were chosen as our experimental model bec@use of
similar physiologic and anatomic charactoristics with humans (6).
MATERIALS AND METHOOS - |

This experiment was conducted on 18 healthy female pligs weighing 43.5 to
97.5 kg (54.7 + 4.4 kg: mean ¢ SEM). . Each animal was surgically 1n§trgmented'
several’ weeks prior to beginning ihe study 5n order to avold the effects of
acute su}gical trauma. | ‘ o

Surg{éal Prepafat!on of Animals

Four to eight weeks prior to the study, alf pigs were subjected to a left
Iltoralv thoracofony. Anesthesta was induced by administration (via a nose
cone) of S5 percent halothane in oxygen using a Fortec" vaporizer. Fqllow1ng

endotracheal 1htubat1oﬂ. anesthesia was maintained with a mixture of halothane

"(0.5 to | percent) dnd oxygen delivered via a closed ctrcuig anesthetic systeﬁ

and a ventilator. Saline-filled Tygon catheters were implanted in the.left
atrium and pulmonary artery. The ascending aorta wis glﬁo‘catheter1zed via
the left iInternal thoracic artery. A fourth catheter, used for reference biood
withdrawal for organ biood flow doferminat'ons. was advanced lnt6 the lumbar
region of the descending-aorta via the right femoral artery. These catheters
were then heparinized to malintaln patency and the distal ends housed

subcutaneously near the spine.

R Y R R R L DR DR A T R AR D T



-70 -

Procedur
At the time of the study, all animals were completely recovered from
surgery. Food was withheld 12 hours prior to the oxporlaentallprotocol but
H,0 was provided ad Vibitum. On the day of the study, the animal was placed
“1n a sling such that its ventral surface was supported while the 1imbs hung
frecly. The animals quickly adiptod to this mode oflrostralnt. Previously
1uplantod catheters were exteriorized following local infiltration of 2 percent
11docaine. | ,

Phasic and mean pressures in the aorta, pulmonary artery and loft'atrium
were roéordod on a multichanne!l physiograph using noncompliant fluid-filled
s/stems and‘prossufo transducers. The transducers were zeroed at the leve! of
the scapulohumoral joint which was considered to be the level of the right
atrium.

Left atrial injection of 15 m radiolabeled mtcrospheres ¢'*'Ce, ''’Sn,
"Ry, **mb, “*so) Qas uted for organ blood flow dotermfna- tions. The
microspheres were randomized among the time points of the study. Three to
five million microspheres were Injected for each blood flow deter- mination.
Reference artertal blood was withdrawn from the descending aorta (14 ml
min~') boqlnniqq Just prior to microsphere injection and continu- ing for 90
seconds post-injection. This procedure was carried out with careful |
hemodynamic monitoring. Adequate mixing of microspheres with blood was demon-
strated by similar blood flow values obtained for some oflthe bilateral organs
in the body ().e., each half of the cerebrum, adrenals and kidneys) . in all
animals. A1l criterta for organ blood flow and cardtac output determinat1oﬂs

by the microsphere technique (1,3) were satisfied
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At the end of the experiment, thc}aninais were anesthetized with Sodiur
Thiamylal (Surital®) and killed by exanguination. 'Brain. heart, adrenal
glands, kidneys, spleen, liver, pancreas, stomach, small intestine and larg(
Intestine were removed. The brain ias cleared of the meninges and large plal
vessels and divided into the right and lert cerebral hemispheres, cerebellur
and brain stem using anatomic landmarks. The heart was stripped of the atria

epicardial fat, large vessels, valves and chordae tendinae and divided intc

~right ventricle, left ventricle and interventricular septum. ' The capsule wal

removed from the kidneys and the gastrointestinal tract was cleired of extra-
neous tissue. The various organs were minced into small pleces and placed ir

preweighed vials, weighed again and counted In a gamma well scintillatior

“counter along with the reference arterial blood.

At each. 1.5-hour interval (see protocol), the following measurements wer(
obtaiﬁed sequentially during steady state conditions: 1) arterial and mixec
venous blood gas tensions and pH, 2) pressures in the ascending aorta, pulmon.
ary'art'ry and left atrium and cardiac output using the dyq diIution'technlquel
3) cardiac output and organ blocd flow using the microsphere technique and 4)
follow-up b}ood gas tensions and pH as described for 1). The similarity of
blood gas parameters between 1) and 4) was part of the criteria for detarmining
the existence of a hemodynamic steady state.

" for CO determination using the dye dilutton technique, a CO computer was
used. Dye wa§ injected Into the pulmonary artery while blood was being
withdrawn at a constant rate from the aorta.

PROTOCOL
Each animal was studied as described above at 1.5-hour Intervals over 3

6-hour period after one of the rollowing three treatments: (1) ethanol
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control, (2) low dose T-2 toxin (0.6 mg/kg) and (3) high dose T-2 toxin (2.4

mg/kg). The animals were randomly assigned to the above treatments.

A.

Ethano! Control (n = 6)
Predosing (0 hour) organ blood flow and hemodynamic parameters were

obtained in pigs resting quietly in the sling} A hemodynamic steady ;fate
wvas determined by the stability of the heart rate, arterial and pulmonary
artery pressures and blood gas tensions.

Upon completion of the predosing measurements, 7 mL of 70 percent
ethanol was 1nfusc& into the pulmonary artery over a 2-minuta period.
Organ blood flow and hemodynamic parameters were then measured at 1.5-hour
Intervals for 6 hours.

Low_Dose T-2 Toxlin (0.6 mg/kg) (n = 6)

Predosing measurements were obtalned as described for ethanol

controls. The animals were then subjected to infuston of 0.6 mg/kg T-2
toxin dissolved in 7 mL of 70 porcoht ethanol over a 2-minute perilod.
Measurements were then made at 1.5-hour intervals as stated above.

High Dose T-2 Toxin (2.4 mg/kg) (n = 6)

This treatment was carried out in the same manner described for A and
B excopt that 2.4 mg/kg T-2 toxin was dissolved in 7 mL of 70 percent

ethanol.

Measurements and Calculations

Organ blood flow (F,) was calculated from the equation:

Fu = F./N. x N,

were F. represents the known withdrawal rate of the reference blood. N, is-

the number of microspheres in the reference blood, and N, is the number of
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microspheres 1in the tissue sample. The cardiac output (F,) at the time of
microsphere injection w;s determined using the equation:
_Fr = F./Ne x Nt

where N; represents the total numter of ntcrosﬁheres injected. The cardiac
outputs determined using the microsphere technique were within 4 to 6 percent
of cardiac outputs determined simultaneoysly using the dye dilution technique.

To determine the number of microspheres in an unknown sample, the on-board
computer of the gamma counter use¢ a least squares fitting technique in order
to calculate the number of counts cqntributcd by each radioisotope in the

sample. During tha least squares fit, a constant (K,) was determined which

‘represented the ratio of the number of counts for an isotope in the unknown

sample, C,, to the number of counts in a standard spectrum of the isotope, C,.
using the formula K, - cu/é.. -

Hemodynamic parameters were obtained over . several cardiac' tycles and
recorded simultaneously with organ blood flow determinations. Stroke volume'
and cardiac output are expressed on a body weight basis. Blood gas variables
were corrected to the animal's body temperature bsing nomograms (4,13,14,22)
built into the blood-gas andlyzer. - Calibration of the blood-gas -analyzer was
checkgd after'each set of blood samples using pig blood tonométered at 38° C
with gases of known oxygen and carbon dioxide tensions.l

Total peripheril resistance (TPR) and pulmonary vascular resistance (PVR)
were determined from the quotient of mean arterial or pulmonary artery pres-
sure (mmHg) and cardiac output (mL . min™' . kg~'). The calculation of
pulmonary vascular resistance included subtraction of the mean left atrial
pressure from the mean pulmbnary artery pressure. ‘Jascular resistance within

the respective tissues was calculated by dividing mean arterial pressure
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y
(mmig) by tissue blood flow (mL . min~' . g"). Ventricular work (ké . mm .
min~'/kg body weight) was computed from the formula cardiac output (ml . min~'
+ kg) x mean pressure (aortic or pulmonary arterial [mmHgl) x 1.36 x 10°%;
where 1.36 is the conversion factor for changing pressure in mmHg to g/cm?.

Statistical Analysis

The experiment was set up as a completely randomi;ed design. The data
was, therefore, analyzed using a one-way analysis of variance. When signifi-
cant F values were found, Fisher's protected least significant difference |
mcthd& was ‘used to determine ‘dlffernnces between treatment means '(23). A
probabtlity 1level 6f 5 percent (P < 6.05) was cpns1dered ‘statistically
significant. ‘Data are presented as mean + 1 SEM. o
RESULTS |

Arterial blood gas tensions and pH, mixed venous blood gas ténsions, body
temperatures and hematocrit values are shown in Table 1. Predosing (0 hour)

values of blood-gas vartables were similar between the three treatment groups.

Oxygen tension (Pa0,) and' body femperature were unchanged throughout the study

1n all groups. Arterfal carbon dloxide tension (PaC0.) in animals dosed at
0.6 mg/kg T-2 toxin was decrezsed from vehicle control values at 4.5 and 6
hours. The artertal pH tn this group was decreased following infusion of T-2
toxin and remained below control (vehi;le) values throughout the time course
of the study. Animals dosed at 2.4 mg/kg T-2 tdxin showed more severe changes
in PaCO, and PH (Table 15. Mixed venous oxygen tension (onz)'Incréaséd in
both groups of animals treated with T-2 toxin. The packed cell volume of the

low dose group was similar to that of the control animals, whereas the high

dose group increased.
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Hemodynamic variables are presented in Table 2. Predosing values (0 hour)
were similar between the three treatment groups. Heart rates wefe sign1f1c£nt—
1y increased above control va]ues fn both groups. Cardiac outputs in T-2
treated animals were maintained near control values for the first 1.5 hour's
following toxin infusion, after which it began to decline, with the extent of
the reduction being more severe in the high dose group. Mean aortic pressure

and stroke volume paralleled changes in cardiac output. Mean pulmonary artery

_pressure was unchanged by T-2 toxin administration. Total peripheral resist-

ance was decreased with the 0.6 mg/kg dose, while the high dose group remained

" unchanged. Pulmonary vascular resistance was 1ncreased while left and right

ventricular work was decreased'ln both graupﬁ.

Administration of T-2 toxin caused dose dependent decreases in brain blood
flow (Figure 1). However, the percentage of éardiac output received by'the
brain (Table 3) wés higher_than or equal to values for control animals. The
fncreases were most evident in the high.dose group.

Myocardial blood flow (Figure 2) to al] regions of the myocardium was
altered in a fashion similar to that described for brain blood fiow. The
fraction of cardiac output going to the myocardium (Table 3) in the Tow dose
group remained unchanged from the control group. In the high dose group,
bercent cardiac output was unchanged from confrol at 1.5 and 3 hours post-
dosing but increased at 4.5 and 6 hours post-dosing. o

Adrenal blood flow (Figure 3) and the percent of cardiac output (7able 3)
received by the adrenal glands was increased significantly in animals dosed at’

2.4 mg/kg. In animals given 0.6 mg/kg T-2 toxin, adrenal blood flow did not

show a statistically significant 1dcrease. whereas the fraction of Ccardiac

output received did tincrease. Blood flow to the kidneys (Figure 4) was
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decreased from control values in both groups of animals treated with T-'z
toxin. However, the renal fraction of cardiac output (Table 3) remained
unchanged. . Pancreatic and splenic blood flow (Figures 5 and 6, respectively)
were decreased with both Tevels. qf T-2 toxin administration. Simtlarly, the
pancreatic and splenic fractions of cardiac output. (Table.3) were severely
reduced.

Hepatic Iarterjal blood flow (Figure 7) and percentage of cardiacl 6utput
(Table 3) was iIncreased in animals given 0.6 mg/kg T-2 toxin. In the high
dose gréup, heoatic arterial blood flow was increased at 1.5 and 3 hours
p&st-dos‘ing and then declined towards control values. However, the percentage
of cardiac output to the liver remained elevated above respective"temporal

control values.

Total gastrointestinal blood flow (Figure 8) (stomach, small intestine and

,lafge intestine) 1in animals dosed at either level of T-2 toxin remalnea

unchanged from control values 1.5 hours after dosing. At 3 and 4.5 hours

' post-dosing, both T-2 treated groups had significantly increased blood flow.

The high dose group had returned towards the control value at 6 hours, while
the low dose"group rematned elevated. The percentage  of cardiac output
perfusing the GI tract (Table 3) mimicked changes in blood flow. 'Fﬁrther
di§cussion of the effects of T-2 toxin on individual organs of the digestive
tract will be forthcoming. 'The percentage of cardiac output to the vessel
rich group of organs (Table 3) demonstrated dramatic increases at 3 and 4.5
hours post-dosing. This was particularly evident in the high dose group.
DISCUSSION

The PaQ0,, PaCO, and artgrial pH changes were sjmilar to those previously

reported in swine '(19). rats (7) and guinea pigs (7). However, these findings
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l' are in contfast to those feported for primates (12). Despite increased
l' ventilation, pigs were unable to compensate for metabolic acidosis. The
increase in mixed venous oxygen tension (P,0.) may be the result of decreased
II oxygen extraction by the tissues and/or increased shunt1n§. ‘
Hemodynamic Parameters '
El T-2 toxin caused a dose-dependent decrease in mean aortic pressure. This
N & is- In agreement with our previous findings in swine (19) and'observations in
‘ guinea pigs (7) and primates (12). Similar t;e;ults have been observed in
i calves (24). dogs (2) and ﬁrimates (2) during endotoxic shock. 1In contrast,
’ our results differ from those reported for rats which indicated an increase. in
‘éﬁf §! arterial pressure following exposure to T-2 toxin (7,27).
o The decreases in cardiac output and stroke volume following administration -
i“} il of T-2 toxin are consistent with prgvtous findings (7,12,19). These reducfions
ﬁ?v 5’ are evident despite significant increases in heart rate (1.@., low dose: 30°
ﬁéﬁ 56, 73 and 56 percent increases from control values at 1.5, 3, 4.5 and 6 hours
43£3 si post-dosing; high dose: 10, 59, 85 and 84 perceng increases from respective
;§$ control values, see Table 2). This increase in heart ratg-is consistent with
E§§ ga previous findings in pigs (19), primates (12) and rats ~(7). However, . this
gﬁb ia contrasts with the decrease in heart rate observed in guine; pigs freated with
;‘?%gg ‘ "T-2 toxin (7). Increased heart rate in conjunction with decreased arterial
_; \?E' Ei pressure and cardiac output supports the contention that T-2 toxin thﬁnds

myocardial contractility as reported in conscious primates (12). Yarom et al.

(29), using isotated perfused rat heart preparations, also found T-2 to cause

et
=<

a decrease 1in contractility, although the toxin concentrations used were
axtremely high. These observations are similar to those' reported for

APl
;;3& g! alteration in myocardial function during endotoxic shock (9).
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Left ventricular work s‘lgnlficant_ly decreased from control values in both
T-z treated groups beginning at 3 hours after dosing. This decrease, which
ua§ attributable to the dose-related decrease in cardiac output and mean vaortic -
pressure, has not been prgvious_ly reported. However, the redﬁction in cardiac'
output and increase in arferlal pressure reported for rats (7) would indicate
that calculated left ventricular work remained unchanged or increased which fis
opposite of our findings. The décrease in mculated richt ventricular work
can be explained by a decrease in cardiac output and maintenance of mean
pdlmonary ‘artery pressure. ‘ ' |

In animals dosed at 0.6 mg/kg T-2 toxin, fotal peripheral resistance was
de~reased from control values. Th1§ 415 clonsistent‘ with the findings in
primates ('12). In contrast, these findings do not agree with total peripheral
resistance values reported in rats féllowing exposure to T-2 toxin. Because
total per‘lphéral resistance remained unchanged from control values in the
high-dose group (2.4 mg/kg T-2 toxin), it is apparent that the decrease in
blood pressure was proportional to -reductions in card1‘ac output. Pulmonary
vascular resjs‘tance wa‘s‘ increased from respectivebethanol‘ control values in
‘both groups of swine following T-2 admin!sfra’tibn.' ‘In the low-dose group,
this was not evident until 3 hours. post-dosing. This is simillar to that
previously reported in swine (19), but has not been reported in other
species. The increases in pulmonary vascular resistance ob.served in swine
following T-2 administraticn are strikingly similar to thoée reportea in the
dog (IO); primate (11), calf (24) and cat (15) during endotoxic shock. Our
findings indicate that T-2 toxin may play a major'role‘ in causing bulmonary

vasoconstriction accounting for the lack of changa in mean pulmonary artery

pressure. A concomitant decrease in calculated right ventricular work and
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fncreased pulmonary vascular resisténce would indicate a deterioration of
myocardial performance ki.e.. contractility).
Organ Blood Flow ‘ , .

Blood fiow to thé various organ systems of the body during T-2 toxicosis
has not been previously reported. However, blood’ flow values obtained at |
pre-dosiﬁg in our '3 treatment groﬁps compare favorably with aﬁake, unanesthe-
tized values préviously reported for suine'uslng fdentica® technigues (20,25).

Braln blood flow (Figure 1) showed marked variation In animals dosed at

0.6 mg/kg T-2 toxin (i.e., significantly lower at 1.5 and 4.5 hours -

post-dosing; not s?ggjficant at '3 and 6 hours post-dosing). Despite these
fluctuations, the percentage of cardiac output recgived by the brain (Table 3
remained unchanged from control 1levels. In the high-dose group (2.4 mg/kg),

brain blood flow remained below control values throughout the time course of
the study. In spite of lower absglufe blood flows to the brain, the fraction

of blood flow (percent CO) received by the brain remained unchanged up to 3

hours post-dosing and eventually increased -at 4.5 and 6 hours post-dos1ng.

‘This f1nding indicates that the reduction in blood flow to the brain did not

continually barallel T-2 .fnduced reductions in cardiac output. As T-2 toxin -
has been shown to cause a dose-dependent vasoconstriction in a bovine ear
preparation (28), the decrease in brain blood £1ow may be due to bcth a lower

level of perfusion pressure and a given extent of vasoconstriction. However,

" as shown in Table 4, the calculated vascular resistance for brain tissue may

indicate a local compensatory vasodilatation brought about by intact autoregu-

lation in an attempt to preservé blood flow to the brain, particularly in the

latter stages of the experiment.
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~ Alterations in myocardial blood flow (Figure 2) induced by T-2 toxin are
similar to those observed for the brain. The percentage of cardiac output
received by the heart (Table 3) and coronary vascular resistance (Table 4) in
the low-dose group did not change from respective control values, whereas
animals in the high-dose group showed an 1ncrea§e fn the fraction of cardiac
output going to the cardiac'ventricles at 4.5 and 6 hours. Coronary vascular
reslstince in this group decreased from respective ethano! control values in
the later stages of the sthdy. This reduction in Qascular restistance would be
expected as a compensatory focal response to the decreased blood flow coupled
with intense tachycardia in an attempt to meet an increased myocardial oxygen

demand.

Adrenal blood. flow (Figure 3) increased ibove control levels tn a

dose-related fashion. This observation correlates well with previous findings

Aot )t b, AT et R

which show Increases in endogenous catecholamines following exposure to T-2
(7,19). A 1ikely explanation for 1ncre§sed' adrenal blood flow is that it.
parallels enhanced adrenal activity and oxygen consumption which occurs as
catecholamine production increases in an attempt to overcome hypotension and
reduced cardiac output. _ |

The drop in renal blood flow (Figure 4) paralleled the decrease in mean
aortic pressure. This may help explain the findings of decreased urinary
output during the later stages of the toxicosis (19). Since renal blood flow
paral]e]ed the reductions in total cardiac output induced by T-2 toxin, the
percentage of cardiac output received by the kidneys (Table 3) remained
unchanged from respective contro? values. '

Blood flow .to the péncreas (Figure 5) was severely affected by T-2 toxin

administrationr. This reduction may be due, in part, to direct action of T-2

o s e 0 A BT AT 3T 3 AT B )BT R S, V1 8 R Sy 8T, (8 0 AT 8 YT TP AL 10N 1 Ve
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ang/or its metadolites on the pancreatic vascullturo.' It is probable thot

this severe hypoperfusion and concomitant ischemia resuits in the release of

. proteolytic enzymes. Nypoxta s a potent stimulus for lysosomal membrane

disruption (18). These enzymes may then enhance the production of myocardial
deprescant factor (MOF) A1), nyocirdial depressant fastor has a negative
inotropic effect on both {solated heart preparations (16)‘|nd intact hearts
(8). Hence 1t s suggested that becauss of the severe docriaso in pancreatic
blood flow, the release of these factors during T.2 toxicosis plays an
1npo}tqntvrol; In the deterio-ation of myocardial performance.

In both qrodps'of T-2 treated swine, there was a drastic reduction In
splenic blood flow (Figure 6). NOqugr. this dpcrotsclvas.not evident tn the
h|§h~dos¢ group unti! 3 hours post-dosing. Intense splenic contraction may be
caused by the increased levels of circulating catecholamines previously
reported in T-2 dosed swine (19), Sp!oﬁ!c contraction could also explain thi
observed iIncrease in hematocrit (Table 1). Mowever, the data may also be
explained by ‘a loca! damaging effect of T-2 toxin on lymphold tissue which
cou'd result in compromised circulation 1n this T-2 sensitive organ. '

8tood fiov to the liver (via the hepatic artery) (?%quro 1) remalined
unchanged or increased tn Doth groups administered T-2 toxin. Conscquentl&.'
gho percentage of cardiac outout_roco!vod by the l\v}r (Table 3) in these two
groups was much higher than respective control valuosl‘A The malntenahco.‘or
tncreased blood flow may be mediated locally and may influence the detoxifica.
tion and/or clearance of T-2 toxin and 1ts metabolites.

B1ood flow <0 the gastrointestinal tract (Figure 8) (stomach, smal!

“Intestine, large Intestine) was maintained near or above control values !n

spite ot the decline in mean aortic pressure.  As 2 resylt,  the fraction of




-8 -

total cardiac output (Table 3) received by this group of tissues was higher
than the assoclated control values. The reason for this is not clearly
understood. The {increased bloéd flow to the GI tract may be a result of
“severe local cytotoxic effects and secondary reflex responses to T-2 toxin.
Since T-2 toxicosis causes shock, the mcruso in blood may coexist .w1tﬁ a
pooling of blood In the splanchnic region similar fo thlat reported in endotoxic
shock (2). |

The percentage of cardiac output accounted for in this . study in ‘the
low-dose group was higher than congrol values at 3, 4.5 and 6' hours
post-dosing. Similarly, these values in ghg high-dose group were higher than
control levels at 3 aﬁd 4.5 hours post-dosing -bqf declined towards control at
6 houf's. Neither T-2 treated group exhibited a difference from control at 1.5
hours post-dosing. The dramatic iIncrease iIn the percentage of cardlac output
recelved by the organs observad in this study Indicates an intense shunting of
blood away from the periphery. It appears that this may be an attempt to
preserve blood flo§ to the vital organs at the expense of the peripheral
tissues. Thii may 2,30 account for the cyanotic mcoui membranes and cold
extremities previously reported by Loronzani.ot al. (19), and observed In fho
present study. | ' ' | ’

Iﬁ Eonc!us1on. it appears that the extent of T;Z induced alterations on
cardiovascular function is dose-dependent. Animals observed in this study,
particularly the high-dose group, demonstrated classic signs of c\rcul&tory
shock.1nclud1nq reduced cardiac output, hypotension and tissue hypoperfusion.
The compensatory responses to T-2 toxicosts observed in this syndrome (1!.e.,
Increased heart rate and increased catecholamine levels) were similar to those

for other rypes of shock. However, these compensatory responses did not alter
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the deterioration of hemodynamic and blood flow parameters measured in this
study. The <hock syndrome assoclated with 7-2 may be manifested in two ways.
There 1s an apparent direct effect of T-2 toxlﬁ on organ/tissue vasculature
and the heart itself. Secondly, and perhaps more importantly, there may be : ‘
release of lysosomal enzymes and myocardial depressant ﬁctor from ischemic -

tissue (i.o.. pancreas). Thosovconpounds nay.furthcr precipitate cardiovas-
cular deterioration leading to irrcvorsib_lo shock. The reduction in bloog
?Iop and consequently tissue perfusion was less tn.thclo.s mg/kg group thah in
the 2.4 mg/kg group. Therefore, 1t follows that the extent of the release of
these deleterious compounds was 1ikely lower in the low dose group uhfch would

explain the difference between the two T-2 groups in severity of toxicosis.
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TABLE 4. Braln and myocardial vascular resistance (mmHg/m! * min~'
100/g™'). Data are presented as the mean + SEM.
Hours Post-Dosing
0 1.5 3 4.5 6
Brain:
~ Vehicle 1.654 1.607 1.466 1.560 1.352
+.162 +.255 +.148 +.208 +.145
Low Dose 1.438 1.646 1.017 1.222 1.219
+.113 +.179 +.185 +.108 +.181
High Dose 1.378 2.172 1.690 .922 .898
+.060 +.267 +.186 +.075 +.182
Myocard1um:
Vehicle .738 .666 .673 .694 .654
+.048 +.027 +.042 +.077 +.040
Low Dose .675 .681 .490 .464 .616
+.022 +.081 +.051 +.026 +.092
High Dose .679 .728 © .628 .403 .409
+.017 +.090 +.032 +.048 +.062
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FIGURE 1. Alteratfons in blood flow to the bdrain of swine dosed yith T
toxin.,
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FIGURE 2. Changes in blood flow to the myucardium of swine following the
sdministration of 70 percent ethanol, 0.6 ®g/kg T-2 toxin and 2.4
mg/kg T-2 toxin. .
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FIGURE 6. Renal dlood flow in swine dosed with 70 percent ethanol, 0.6 mg/kg

7.2 toxin and 2.4 mg/xg T-2 toxin,
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FIGURE 5. Alterations in pancreatic blood flow following administration of

7-2 toxin,
\5r ® = control
o = low dose (0.6 mg/kg)
= high dose (2.4 mg/kg)
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FIGURE 6. Changes in blood flow to the spleen. Note the tremendous decrease
- in splenic blood flow of both groups dosed with T-2 toxin.
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' FIGURE 7. Hepatic blood flow (via the hepatic artery). Note the fincrease in
. blood flow at 1.5 and 3 hours post-dosing.
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i FIGURE 8. Altsrations 1. total gastrointestinal blood flow (stomach, small
intestine, large fintestine) dnduced by 7.2 toﬂ;\. Note the
elevated dlood flow {n both groups dosed with T-2.
16

. -

)

o

T

£
s;, g

©

£
K D .

S .

c

: ol ‘ >
: a ® = control
: o O = low dose (0.6 mg/kg) -
24 4 = high dose (2.4 mg/kg)

‘% 8 J '
]
_ ‘E: 0 ’| 1 1 )

0 5 3 45 6

Tirne (Hours)

¢
A

Y
R rons o o ore s o
-"‘s:t":,"\h!:Q‘!t‘?-‘,'j'K’l:v’&q;,'ﬂi'i?é * «

T ' I )
B R R i S e A S Wm :




- 101 -

D. A METHOD FOR ADMINISTRATION OF.AEROSOLS TO ANESTHETIZED OR UNANESTHETIZED-
SWINE--R. J. Lambert, DVM, PhD, V. R. Beasley, .DVM, PhD, B. L. Kindler,
8S, R. H. Poppenga, DVM, G. R. Lundeen, MS, M. L. Biehl, DVM, R. M.
Lorenzana, OVM
INTRODUCTION
Swine have beeﬁ used. as bipme&ical models fo; the study of diseases
because they shar§ with humans many anatomical and physiological siﬁilarities
 with fespect to the cardiovascular(systom. gastrointestihal tract, integument,
metabolic function and nutritional riquirenents (3, 10). They are readily
available in a variety of breeds and strains which can be obtained pathogen-
free. They are easily handled, and their size permits repeate& biological
sampling and a variety of su?gical manipulations. |
"_Swine of from 20 to 150 kilograms have resting respiratory rafes
¢10-30/min) and tidal volumes (400-800 mL) similar to humans (Z.G.IZf. With

respect to the structure and distribution of mucus glands in the tracheo-

bronchial tree (5) and the subgross (mesoscopic) struéture of the lungs (i).
the pig resembles the human more closely than other species, e.g., rat, cat,
dog and monkey, commonly used to' study ‘respiratory pollutants (9). The pig
‘shares with the human a common'pattern of lung development (11,13,14). The
porcine pulmonary blood-air barrier and alveolar structure‘ have‘ many
~similarities with those of other animals (1,4,13). Despite these similarities,
sw'1e have rarely been used as models for studying respiratory funcf\on or the
consequences of inhalation of air contaminants or other substances.

By-passing the elaborate nasal conchae of swine would enhance the delivery

e B2 M 8 a3

of aerosols to the lungs and allow their effects to be studied without the

potentially confounding variables of nasal and orél exposure and subsequent
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ingestion of impacted aerosolized particles. In this report, we describe
techniques and equipment which have been used for admlnlsteripg aerosols to
swine. The method 1s particularly useful in instances where the material to
be studied is expensive and avallable in 1imited anpunts.
MATERIALS AND METHODS

Femele or castrated male specific pathogen-free'crossbred swine of. from 15
to 52 kg have been used 16 these studies. After arrtval, pigs are allowed a
one-week acclimatization period. They are housed in groups of up to 10 pigs
per pen in a confinement building kept at 20-23°C and approximately 50%
relative humidity. They are allowed 'free access to a commercial swine ration
.and water. |

On the day prior ‘to freatment' the animals are moved to the building .
housing the 1Inhalation factliities and caqed Indiv!dually uith free access ‘to
water. Food is removed 12 to 16 hours before dosing

" The swine are transported with a .tvo-tiered cart (Fig. 1). The lower,

wheeled portion serves as a transport device and s set at a height which
allows the “upper part, wﬁich is also on wheels, to roll directly .into the'
animal chamber. The upper portion of the cart supports a vinyl sling which
has openings for the 1imbs. The sling provides ventral body support and holds
the animal in an upright position. It can be compressed or expanded lengthwise -
to accommodate different sized pigs. The anterior portion is extended in
order to previde support for the pig's ﬁead. The animal is restrained by
cushions which are tdped to the sling and placed over the neck Just behind the
ears and over the caudal !umbar region (Fig. 1). In addttion, the limbs are‘
hobbled to decrease their range of mction and minimize the possibility of

injury.
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Prior to the innalation exposure, the animal is given an 1ntra§enous
injection of atropine’ (0.05 mg/kg body weight) via an ear veln.' It is then
anesthetized with a mixture of h;lothane aﬁd oxygen delivered via an anesthgtic~
machine’ and nose cone. The larynx is desensitized iith a lidocaine spray,’
and the trachea is intubated with the Jargest cuffed endotrache:l tube which
can be comfortably introduced. The endotracheal tube is modified prior to use
by inserting a length of tubing (3 mm outer diameter) through phe side, 1into
thé lumen and up to the tip (Fig. 2A). The interior tube is fenestrated at
the tip, and the external end is connected to a suction device which then
provides a means for .intermittent aspiration‘of secretions (5 to 10 seconds
approximately every 15 minutes) that may accumulate at the end of the endo-
tracheal tube. The endotracheal tube 1s tied to a wooden chock thch is
placed in the modth and taped to the spout (Fig. 2B). Anesthesia can be
discontinued before aeroso! administration, or it can be maintained duflng
exposure provided that a method other than inhalation of a gaseous anesthetic
is used.

The pig is placed into the animal chamber (Fig. 3) and blindfolded to
reduce external stimulation. The endotracheal tube is then connected to the
equfpment used for aerosol qeneration and collection-.of the expired material.

The animal breathes room air or dilution air prior to the onset of doéing.

'Frank Veterinary Labcratories, Inc., Edina, MN ‘ |
“The Foregger Company, Inc., Smithtown, L.I., NY

'The Butler Compaﬁy, Columbus, OH

“H. L. Moore, New Berlin, CT
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The material which we are studying is soluble in alcohols but not in .
water. It 1s also expensive and avallable in limited quantittes. 1In. an
effort to maximize delivery to the plg, we have chosen a nebuffzer® with a
relatively low output which generates a suitable particle. mass median
aerodynamic diameter. Dried and filtered medical grade air 1s used As the
source of both nebulization and dilution air. Afr at a pressure of 20 psi
with a constant flow rate of about 0.5 liters per minute ts used to qrive the
nebulizer, while the dilution élr flow rate ts set tb meet the re;p!ratory
needs of the animal (6 to 10 liters per minute). The high ratfo of dilution
alr to nebulization air evaporates the ethanol droplets 1n'wh1§h theltesf
material is dissolved, y1éld1ng dry particles. In fhe glovebox containing the
aerosol generation equipment, there is a collipslbfe air reservoir (Figure 3)
which provides additional 1nsp1ratofy-air withoqt signiff&antly fncreasing the
pig's inspiratory efforts. A filtered vent prevents pressure buildup within
the glovebox. ' '

The aerosol 1s delivered to the endotracheal tube by flexible plastic
tubing and a low pressure two-way nonrebreathing valve.® The small amount of
dead space in the vaive minimized thé mixing of fingpiratory and expiratory
air.  The exhaled air and test material are directed tp fﬁe collector of. the
scrubber system via the exhalation tubé. Dde.to negative,pressu}e generated
by the system at that point, air rushes aroun& the tube carrying the exhaled

alr and test substance into the scrubber unit.’ The particles are then knocked

*Model 01-100, In-Tox Products, Albuquerque, NM
*Mode! 2600, Hans Rudolph, Inc., Kansas City, MO

’Duall Industries, Inc., Owosso, MI
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down on glass fiber and polypropy]ene filter#‘ by a water spray. A vacuum
pump generates a negative pressure below the filters while a separate pump
recycles the water.

The chamber containing the pig is sealed during the exposure pe}iod, and a
sepérate vacuum unit draws filtered air into the tbplof the chamber and out of’
the bottom, creating a slight negative preséure (one jnch of water) in the
unit. The chamber exhaust:is passed thréugh'two activatéd charcoal beds and
vented 1ntola fume hood. These factors would minimize exposure of the room or
personne! to aerosolized particlesvreleased accidentally within the chamber
due to disconnection of, or a teak in, the a&ministration tubing.

"~ The animal chamber"is-made of stainless steel, and the entry door an& two
sides have large plexigla§s windows which enable the pig to be monitored
visually. Two glove ports on each side of the pig allow limited manipulation
of the animal and equipment in the chamber.

Upon completion of the 1qha1ation exposure, the chamber is opened, the
administration tubing is disconﬁected from the endotracheal tube 'andv the
animal s extubated. It can then be monitored or trahsported back to a cage
or holding area. The generation and scrubber syétems are then partially
dismantled and rinsed. The finses can be collected in order to recover the

material which remains in the system.

*Gelman Sciences, Inc., Ann Arbor, MI
’Basic 48 in. knock-down inhalation chamber with ramps and rack, Young and

Bertke. Cincinnati, OH
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RESULTS q
- , Using these techniques, more than sixty crossbred female or castrated male "'

pigs weighing from 15 to 52 kg have been successfully exposed to aerosols|for

up to two hours. If the endotracheal tube is held in place and kept patent

and the alr reservoir is not allowed to empty, then the system is adequate foi-

supplying the respiratory needs of the unanesthetfzed plg. Respiratory rates .

and tidal volumes can be maintained at pre-exposure levels if the aergsol

. particles are‘not physiologically reactive.
The animals wmay briefly resist the restraint severql times during a

one-hour exposure period. Some animals seem duite comfortable, will (not

struggle and appear to sleep during the exposure. There have been two animals,

both cryptorchid malés, which'did struggle frequently during the treatment

period. |
The‘ plexiglass enclosure for the aerosol generation equipment and thé

closed animal chamber have effectively prevented exposure of the room| or

personnel to the aerosol after 1nfrequgﬁt separation of chamber tubing connec-

tions or a single incident where a tear had occurred in the air reservyoir

bag. Isolation of the animal in the chamber also apparently reduces auditory

stimu]atioh. When the dismantled portions of the aerdsol generation jand

transport syétems, as well as the scrubber system, are rinsed, about| 80 V -

percent of the materiai remaining in those parts can be collected in |the

washes for latey recovery.

DISCUSSION

The techniques described have evolved over a périod of'timé as a result of

efforts to devise a means to administer aerosols of materials which are costly

ATl |

o

and available in limited amounts to anesthetized or unanesthetized swine| A
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previous report (6) describing a mef:hod for 1ntrana'sa1 - exposure of
anesthetized swine to radioactive aerosols revealed retention of a significant
portion of the aerosolized particles in the nasal conchae of one of four
pigs. Inhalation of the aerosol directly into the trachea eliminates that
possibility. While it can be argued that this is not a normal vphyslological
route of exposure, 1f does provide a means of stu&ying"the effects of direct
lung exposure to particlies or gases while limiting the secondary effects
caused by oral or nasal exposure. It also minimizes 'the possibility of
ingestion of the aerosolized material (9). ' '

A rolHng sling apparatus has been used previously to transport and
laintain anesthetized swine in an upright position (6), and it proved to be
convenient for use with unanesthetlzed animals as well.

. Unanesthetized swine generally will not sit still for a one- or two-hour
exposure period. The addition of restraint pads and leg hobbles is necessary
to prevent an -alert pig from placing its front legs on the sling and
attempting to sit upright. The restraint pad. behind the head iimits the
animal's ability to Jerk its head caudally or laterally, thereby reducing the
11Kelihood of an outward tug on the endotracheal tube or the .tub1ng.v
connections. Shaking. the head, with the two-way nonrebreéthing valve
aftached. tends to displace the cuffed end of the ‘endotracheal tgbe toward the
larynx. The resulting tension on the trachea or the presence of the cuff at
the level of the larynx will uéually cause the pig to struggle due to apparent
discomfort. Tying the endotracheal tube to th'e, maxilla with roll gauze was
found to be an inadequate means of controlling this problem. Securing the
endotracheal tube to the mouth chock and securely taping it to the snout

effectively Timits distal movement of the epparatus. The mouth chock also
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holds the tube in the center of the mouth and keeps the jJaws fromvclos1nq
fully and causing mastication damage to the tubing.

~ Topical application of lidocaine to the glottis desensitizes the area and
facilitates intubation. Intravenous administration of atropine prior to the
induction of anesthesta helps to counteract the depressive effects of halothane
on the heart (8) ind reduces glandular secretions. . '

An accumulation of tracheal secretions at the distal end of the
endotracheal tube can impair both alr and pirtlcle delivery to the pig. The
ability to periodicglly aspirate those secretions is §ssent|al to prevent the
stress caused by an insufficlent air supply: It also increases the efficiency
of aeroscl delivery. Strugéling is thus wminimized by paddgd restraints,
1imiting external visual and audifdry stimuli and assuring a patent a(rway.

During the exposure perifod, the diiution alr flow rate is set at a level
which matches the respiratory nee&s of the pig. If there is a sﬁdden change
in the respiratory requirements, th2 air accessory hose (Figure 3) can be used
to rapidly add aif to‘the distensible feservoir without substantially altering
the aerosol system pressure. If the chang. is not fransiené. the dilution aif,
flow rate can be altered. However, it is difficult to respond to rapid changes
in the minute volume demands of the pig by adjustipg the dilut{on air flow
rate since that ‘system adds air di;ectly to the delivery tubing. If the air
;upply i3 more than the an1m§1 needs, the excess tends to go throﬁgh the
nonrebr2athing valve rather than into the air reservoir. This decreasés the
delivered dose. ‘

The glovebox‘enclo§ure fof fhe aerosol generation system and the animal
chamber, with its internal negative pressure, prevents exposufe of -the

laboratory or ‘personhel in case of accidental aerosol leakage. The only
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sxternal hoses carrying aerosol are monitored carefully and are not subject to.
stresses which may result in leaks. ‘
‘The system. 1s designed to facllitate recovery of nonwater-soluble
particles. At the conclusion of a run, all of the tubing surfaces exposed to
the aerosol can be rinsed. .These washes as vill as the scrubber filters and
water are collected for later drying and recovery of as much as 80% of the

aerosolized material remaining in the system. Since Itils possible to recover

the icrubber water used to‘ generate the spray which knocks the aerosol

particles out of the air, water soluble substances can also be recovered using
this system. | o ' '

| Nith the described fcchn!quos. it 1s possible to administer aerosols
directly to the tracﬁoa of anesthetized or unanesthetized female oéltastrated
mle swine.. This vt!}ionabIQ fhom to be used as blomedical models for human
exposure to alr contaminants, aerosolized toxins or medications. ’fhough nofmal
Intact or cryptorchid male swine could also be.used, further refinements in
the technique or anesthesta will be necesesary to contro! thot; tendency fo
struggle. |
Acxhochocznsrirs

The authors are grateful fof the technical assistance of Or. B. Babka,

Ms. L. Koyes.‘ Mr. D. Manue!, Or. R. Lovell, Mr. S. Ougan and Ms. E.

Fortenberry.

SRRDRUOAACP BRI TIOR3 2> W™ kWA XN PR NS S G L S S0 AN ALY W TIPICALAML S LN



- 10 -

REFERENCES

. Baskerville A: Ultrastructural stu&lcs of the normal pulmonary tissue of

the plg. Res Vet Sci 11:150-155, 1970.
Bustad LK, Book SA: Physiology. In: Diseases of Swine (Dunne HW, Leman
AD, eds), pp 72-91, 1975, Iowa State Univ Press, Ames, IA.

. Dodds WJ: The pig modei for biomedical research. Fed Proc 41:247-256,

1982.
Epling GP: Electron microscopic studies of the normal porcine pulmonary

blood-air barrier. 1In: Swine in Biomedical Research (Bustad LK. McClellan

RD, eds), pp 511-527, 1965, Pacific Northwest Laboratory, Richland, WA.

. Goco RV, Kress MB, Brantigan OC: Comparison of mucus glands in the

tracheobronchial tree of man and animals. Ann NY Acad Sci. 106:555-571,
1963. ‘ | |

Karag)anis MT, Beamer JL, Clary AJ, Cralg OK, Decker JR, Candon WC:
13°p40, aeroso! inhalation cnposuri of mintature swine. Radlat Res

7:79-87, 1978.

. McLaughlin RF, Tyler WS, Canada RO: A study of the subgross pulmonary

anatomy In various mammals. Am ) Anat 108:149-165, 1961.
Merin RG, Verdouw PD, Willen de Jong J: Dose-dependent depression of
cardiac function and metabolism by halothane in swine (sus scrofa).

Anesthesiology 46:417-423, 1977,

. Phalen RF: [Inhalation studles: Foundations and Tochnlques; ‘9843. CRC

Press, Inc., Boca Raton, FL. ‘ ‘

. Pond WG, Houpt KA: The Biology of the Pig, 1978. Cornell Univ Press,

Ithaca, NY.

- —

. e ———— antmmn a—
. - .




™ R N

, K “rs S . e e -

3 % " g [T - . I
< . . - R - .

B4 A o ESS

!

VN
-

L

- 11 -

11. Rendas A, Branthwaite M, Reld L: Growth of pulmonary circulation in
normal pig-structural analysis and cardiopulmonary function. J App!

Physiol 45:806-817, 1978.

12. Songer JR, Braymen DT, Mathis RG, Riley JL: Measuring respiratory rates
and volumes of experimental swine. Ag Res Ser - NC-10, USDA, 1974.

13. Winkler GC, Cheville NF: The neonatal porcine' Tung: Ultrastructural
morphology and postnatal development of the terminal airways and alveolar
region. Anat Rec 210:303-313, 1984.

14. Winkler GC, Cheville NF: Morphometry of postnasal development in the
porcine lung. Anat Rcc.21l:427-433, 1985. '

WBB/ms/sfb/813
0°/24/87

b G T RO AOREANISA O CANONGD 08



- 112 .

FIGURE 1. The transport dase, cart with sling and devices used to restrain the
swine.
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FIGURE 2. (A) Modified cuffed endotracheal tube. The addition of the {nternal
suction tube allows intermittent aspiratfon of secretions from the
distal end of the erdotrachea) tube. (8) wooden mouth chock which is
fastened to the endotracheal tube dy the loop which 1s placed between

the connector and clamp. The chock s placed in the mouth and taped
to the snout,
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2. SUBACUTE TOXICITY OF INHALED T-2--Victor Pang
INTRODUCTION AND OBJECTIVES

Exposure to T-2 toxin via inhalation is rare In nature, although 1t fis

possible in an environment with a large quantity of contaminated grain dust.

If T-2 toxin was used in biochemica) warfare as suspected in southeast Asia,

inhalation would be one of the most direct and important routes cf exposure.
Therefore, we exam1ned.the effects of T-2 toxin following inhalation exbosure.

Swine were chosen as.a suitable model for these swudies since: (1) pigs
share many anatomical and physiological similarities with humans, particularly
tn the cardiovascular, 1ntegument§ry and gastrolntestindl systems, (2) appro-
priately sized pigs have respiratory rafes (10 to 30/min) and tidal volumés
(400 to 800 mL) similar to humans, (3) pigs resemble the human hore closely
than other specles (e.g., rats, cats, dogs and monkeys) commonly used in
inhalation studies, with respect to the structure and distribution of mucous
glands in the tracheobronchial tree ind the microscoptc structure of tﬁé Tungs
and (4) their size permits repeated biological sampling and multiple surgical .
maniputations.

The objectivgs of these studies were to characterize the sequential
effects of a single sublethal dose of T-2 toxin administered by the inhalation
route on: (1) clinical signs, (2) clinical pathology, (3) both systemic and

' loEal immunity and (4) morphology of the lungs and other internal organs.
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METHODS AND RESULTS
A. Subacute Toxicity of Inhaled T7-2 Toxin on the Clinical Stans, Clinical

Pathology and Systemic Immunitv
' Eleven crossbred, male castrated, SPF-derived pigs (six T-2 treated
and five vehicle control) were used. T-2 toxin uasbdis‘so’.ved in absolute
ethanol at a concentration of 50 'mgAT-z toxin per mL of ethanol. The T-2
treated pigs were exposed' to al dose of 8 mg/kg body weight nelbulized T-2
" toxin admlxedﬂwith 100 to 200 uCi Tc-99m. Accdrding to a‘previous study,
it was estimated tha't‘ the pigs retained approximately 1/3 of the amount of
nebulized 't'oxin.' The control pigs were exposed to.an etﬁanol and Tc¢-99m
solution, with the amount of nebulized ethanol equivalent to that of the
i-z treated pigs on a mL/kg body weight b'asis'. Tpe ekposure periods for
both treatments ranged from 46 to 60 minutes. All pigs were 1‘mmun1zed
subcutanecusly with sheep red blood cells (SRBC) (10° SRBC in 1 ml of
ph'o'sphate buffered saline) 1mmed|atelj ;ft_er exposufe on day 0 and again

21. days later. ‘B_l'oo'd was collected from the anterlor vena cava on days

-3, -1, 1, 3,5, 7, 10, 14, 20, 22, 24, 26, 28 and 31 for hematology and
tmmunology studies. Serum samples collected during the first 2 weeks were

used for blood chemistry analyses. Body temperature was measur'ed daH'y

 throughout the study. Pigs were.weigh‘ed before dosing and weekly there- '
after for 4 weeks. The effect of 1ﬁh'aled. T-2 toxin on the systemic
tmmunity was evaluated at the celvlular level using the same 1ymphocyte
transformation assay previously used 1in the dermal study with four
différant mitogens (phyfohemagglutinin (PHAI, concanavalin A [Con Al,
pokeweed mitogen [PWM] and Hpopolysaccvharidel[LPS]). The humoral response
was evaluated‘by quantitation of anti-SRBC antibody titers using the
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hemagglutination test. Data are being anaiyzed currently with the

Statistical Analysis System (SAS) statistical package.

1. Clinical Signs ,

_ . AN T-2 treated pigs vomited either just before or at the ‘end of
thé dosing per}od, or fimmediately after being returned to their
cage. The skin turned from a pre-exposure color of pale pink to
pinkish red to red in thé first 3 to 4 hours after exposhre. It then
gradually turned purple during the next 20 hours and returned to
normal (pale pink) after 1 day. The extremities, particularly the
ears, were cold to the touch in the first 20 to 24 hours. The T-2
treated blgs were restless in the first 3 to 4 hours after treatment
and became lethargic or éven.laterally'recumbent in the following 12
to 24 hours. Thereafter, gradual recovery occurred. The T-2 treated
pigs were anorexic 1n the first 12 to 18 hours after exposure and
water consumption was ‘also markedly decreased. Although the feed
intake increased gradually, it did not return to normal levels until
3 to 4 days later. All control pigs ate and drank normally after the
exposure and were ciinically normal throughout the study.

Although the mean rectal temperature of the T-2 treated group
was slightly higher than that of the control group on days 2 and 3
after exposure, the differences were not statistically sighificant.

The mean body weight of the sz treated group was significantly
lower than that of the control group before treatment (3.32 kg, p «

.006), but the difference became more prominent in the following 4

weeks after T-2 administration (7.19 to 8.3 kg, p < .001) (Figure 1).
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2 Clinical Pathology
The data have been computerized and the analy§1s is currently

underway.

3 - Systemic Immunity

The effect of inhaled T-2 toxin on humoral fmmunity was evaluated
by the hemagglutination (HA) titers specifically against ~ SRBC
(Figure 2). The T-2 treated group had significantly (p < .05) lower
mean HA titers on days 5 and 7 after primary immunization. There-
after, the differences were not statistically 'significant and
gradually diminléhed. No significant differences were'observed after
the secondary imr-unization.

‘The effect of inhaled T-2 toxin on cellular fmmunity was evalu-
‘ated by nonspecific mitogen-induced blastogenesis witﬁ the enriched
peripheral blood lymphocytes. The data of the lymphocyte transforma-

~ tion assay have been computerized and analysis is currentlj underway.

Immunological (Both Local and Systemic) and Morphological Effects of

Inhalation Exposure tp A Single Dose of T-2 Toxin

The objectives of this study were (1) to evaluate the éffects of
inhaled T-2 toxin on the function of pulmonary macrophages and Tymphocytes,
as well as peripheral blood 1ymphocyte§ and (2) to evaluate the sequential
morphological effects of inhaled T-2 toxin on the lungs and other organs
at 0.33 (8 to 10 hours), 1, 3 and 7 days after exposure. A total of 18
pdirs (1 T-2 treated and 1 vehicle control as a paif) of 36 crossbred,
male castrated, SPF-derived pigs were used. One T-2 pié died between 9
and 16 hours after exposure. Because of severe autolysis of the T-2

treated pig, this pair was not included in the data analyses. Four pigs
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(two sz treated and two vehicle control) died or were kil]ed respectively
at approximately 8 to 10 hours after exposure. Ten pigs (five T-2 treated
and five vehicle control) were killed at each of the other three time
poihts. The T-2 treated pligs were exposed to a nebgll;ed d°§? of 9 mg/kg
of T-2 toxin administered with Tc99m in absolute ethanol. According to
our previous calqulatiqn. approximately 1/3 of the nebulized T-2 toxin was

retained by the pigs. The control pigs received ethanol and Tc99m only.

The pigs were killed by electrocution, and the trachea and lungs were

fmmediately removed in' toto.  The major bronchi of the right lung lobes
were tied off, and lavage was performed on the 1eéft lung lobes. Fifty mL
of cold sterile phosphate‘buffered saline (PBS) containing 2 percent EDTA
was placed into the left bronchus, and after a generalized gentle massage
of the Tung lobes, the recovered fluid was poursed into a siliconized
bottle. A total of 500 mL of PBS (10 washes) was used in each pig.

The cellular component was separated from the fluid by centrifugation.

The supernatant was frozen {immediately for protein and {immunoglobulin:

' analysis. The cell peliet was resuspehded fn 10 mL of RBC 1lysing buffer

and incubated in fce for 10 minutes to.remove the‘erythrocytes. The cell
suspension was then diluted by adding 40 mL of cold sterile PBé (without
EDTA). The cells were spun down agaln and resuspended in 10 m1 of Eagle's
essential medium supplemented with 20 percent fetal bovine serum. The
cell viability was checked with a vital stain, 0.2 percent tfypan blue in
PBS. |

To evaluate the function of the pulmonary macr¢phages, a phagocytosis
assay using bacteria was performed. A small portion of the'lavage cell

suspension was adjusted to contain 10° live macrophages per mL. Two mL of

R
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a suspension of an 18-hour culture of a virulent strain of Staphylococcus

aureus (approximately 10’ bacterial per mL) were ‘added to an equal amount
of the adjusted alveolar macrophage suspension to achieve a 1 to 10 ratio

of macrophages to bacteria. The phagocytic ablltty of the macrophages was

/ “:‘ ) éﬁ ' | then evaluated at ‘15, 30, 45, 60, 90, 120, 150 and 180 minutes after
/. g? ' mixing the cell suspension with bacteria and incubating at 37° C. At each
time point, small aliquots of the suspension, approximately 80 uL, were
3é‘ . used for cytospin smears. The ‘smears were stalned with a modified

- Wright's stain. |

The phagocytic ability of the alveolér macrophages (AM) was evaluated

::Eﬁ‘ | by the percentage of AM enguifing 1 or more S. aureus organisms in 200
gg | ' ~randomly selec*ed cells. The remaining unadjusted lavage cell suspension
e was used for the enrichment of pulmonary lymphocytes. In order to condense
‘ ':f\:.’ the pulmonary lymphocyte population, a carbonyl fron powder and magnet
?ﬁﬁ method was used to remove the majority of the pulmonary macrophages from

;, ' the lavage cell suspension. The remaining wunadjusted lavage cell
susﬁension was first diluted to 50 mL by adding Eagle's essential medium
supplemented with 10 percent fetal bovine serum. Aliquots of the diluted
cell suspension, approximately 5 mL, were added to approx1mate}y 1 g of
prewashed (with PBS) and autoclaved carbonyl .iron powder in a 50 mL flask.
The cell suspension‘ and the carbonyl iron powder were mixed well and
incubated at 37° C for 2 hours. The flasks were shaken every 10 ts 15

'minutes during the incubation. The alveolar macrophages that engulfed the
carbonyl iron powder and the remaining free carbonyl iron powder were held
at the bottom of the flasks by the magnets that were placed beneath the

flasks. Lymphocytes comprised 80 to 95 percent of the cells contained in
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the supernafant. It was wjthdrawn ‘with Pasteur pipettes. The cell

viability and differentiation were checked again with the vital stain

(.2 percent trypan blue in PBS). The cell suspension was readjusted to

contain 10° viable pulmonary lymphocytes per mL.

To study the function of pulmonary lymphocytes, the lymphocyte

+ transformation assay was performed with the concentrated pulmonary 1ympho-

cyte suspension using mitogens PHA, ConA, PWM and LPS. To study the

function of peripheral blood lymphocytes, blood was collected. from the

anterior vena cava before dosing and immediately after electrocution. For

histopathologic study; the right lung lobes which we}e,not used for lavage

were pérfused with Karnovsky's flxativé. Repreéentattve tissue ‘samples.

from other organs were also collected and fixed fn 10 percent formalin.

1.
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Clinical Signs

Two T-2 treated pigs died, one approximately‘ 8 hours after
exposure and one between 9 to 16 hours after exposure. One T-2
treated pig was killed in a moribund'state approximately 10 hr after
exposure. Thése_three pigs had severe vomiting toward the end of

exposure and were extremely lethargi¢ during the first 3 to 4 hours

~after exposure. They then ‘became laterally recumbent and gradually ‘

developed labored breathing as well ‘as cyanosis until death or
killing. The skin was hot to the touch while they were laterally
recumbent but it was cold to touch at fhe terminal stage. The
rémaining T-2 treated pigs survived the dosing, -and during the first
few days, showed simiTar clinical signs to the pigs in the first
formal inhalation study. In addition, one of the T-2 treated pigs

killed on day 3 developed severe yellow watery &1arrhea 1 day after
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exposure. No adverse effects wer.o noted in any of the control pigs;

they ate and drank immediately after being returned to their cage. |

Immunology Study |
In this study the effects of inhaled T-2 toxin on the immune

system, both local and systemic, were evaluated. The function of

alveolar macrophages, pulmonary lymphoclytes and peripheral blood
lymphocytes was examined. _

a. Alveolar macrophages. Bacterial phagocytosis was used to test
the. function of alveolar macrophages (AMS). The data were”
expressed both as mean percentage of bacterial uptake by AMS in
each group (T-2 treated and vehicle control) and as mean ﬁer-
centage of control. '

In the pigs which were killed or died 8 to 10 hours after
exposure (two T7-2 treated and two vehicle controls), the mean
percentage of AM confaining bacteria in the T-2 treated group.
was always lower than the cont}ol group throughout the 3-hour
Incubation perfod. Statistically significant differences were
present up to 90 minutes (Figure 3). When expressed as a mean
percentage of the control pigs, phagocytosis by T-2 pigs was
48.2 to 52.2 percent in the first 90 minutes and 68 to 68.4
percent at the remaining time polnts (Figure 3)

In the pigs killed on day 1 (five T-2 treated and f!ve_‘
vehicle controls), the niean percentage of AMS containiﬁg
bacteria in the T-2 treated group also was lower than in the

control group throughout the 3-hour incubation 'period. However,

statistically significant differences were present only at 15,
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30 and 60 minutes of incubation (Figur: 4). When expressed as a
mean percentage of the control pigs, pragocytosts by T-2 pigs
was 72.4 to 77.3 percent in the first 30 minutes, 86.4 to 89.2
percent in the next 30 minutes and 92.8 to 96.6 percent in the
following 2 hours (Figure 4).

In both the 3 and the 7 day groups, although no
statistically significant difforcnces'vnro present at any time,
the mean percentage of AMS which contained bacteria in the T-2
treated pigs was itill lower than the control pigs thrOughput
the 3-hour fIncubation period and, hence, value; as the mean
percentage of control pigs al;o never reached 100 pgrccnt.

Pulmonary Ilymphocytes. The nonspecific mitogen-induced (PHA,

ConA, PWM and 2LS) lymphocyte transformation assay moasuréd by
[’H) thymidine Incorporation was used to test'the function of
enriched pulmonary lymphocytes. Tho'datalvero expressed in two
different ways, as mean delta counts per minute (MOCPM) «
(mitogen fnduced CPM - background CPM) divided by number of plgs
in each group, and as mean percentage 6! control values.

Response to PHA - In both optimal (20 ug/ml) and suboptimal

(2 ug/mL) concentrations of PHA, the MDCPM of the T-2 treated

pigs at all four time points were lower than the control pig
values (Figure S).  The differences were most prominent at days
0.33 (8 to 10 hours) and 1. Because of marked ingividual
vartation and l\m{ted samplc. size, the differences were not
stattstically significant., If thebdata were expressed as meén

percentage of coqtrol. they were 29.8 + 21.} (mean percent
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control o SEM), 21.2 ¢+ 8.9, 85.2 + 31.3 and 15.3 + 0.8 in the
optimal concentration (20 ug/mL) (Figure 9) and 27.1 « 18.5,
36.1 » 16.8, 59.4 + 20.6 and 39.4 s 21.6 in the suboptimal
concentration (2 ug/mL) at days 0.33, 1, 3 and 7, respectively
(Figure 10). | |

Response to Con A - Similar to PHA, the MOCPM of the T-2 .
treated plgs of all 4 t‘lm points were lower than the control
plgs In both optimal (50 ug/al) and suboptimal (10 yg/ml)

~ concentrations, although the differences were more evident in
sudboptimal concentration (Figure 6).‘ These differences were not
statistically significant. If the data were qprossed 43 a mean
percentage of the control pigs, thc'y were '43.4 + 27.4 (mean
- percent control + SEM), 37.4 &+ 30.6, 55.4 + 27.4 and 3 + 2.3 In
the optimal concentration (50 ug/mL) (Figure 9) and were 4.5 »
.31.4. 22.1 ¢+ 11.4, 59.3 + 16.3 and 18.4 » 4.2 in the suboptimal
concentra*ton (10 ug/mL) at days 1/3, 1, 3 and 7, rospectivély
(Figure 10). .

Response to PWM - The MOCPM of the T-2 treated pigs also
were lower than the control pigs in both optlha! (1:200) and -
suboptimal (1:400) concentrations at all four time points, but
the differences were not statistically significant (Figure 7).

If the data were ixpressed as a mean percentage of the control
pigs, they were 33.8 + 20.9 (mean percent control « SEM).'IZ.O':
9.3, 90.4 ¢+ 5.0 and 9.4 + 4.9 in the optimal concentration
(1:200) (Figure 9) and were 25.1 + 17.7, 18.2 + 14.9, 61.3 «
| 24.6 and 26.7 + 14.7 in the suboptimal concentration (1:400) at
days 0.33, 1, 3, and 7, respectively (Figure 10).
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Response to LPS -~ The MOCPM of the T-2 treated pigs were
lower than the control pigs in the optimal concentration (20
pg/mL) at all four time points. In the suboptimal concentratica
(2 ug/mL), the MDCPM of the T-2 treated pigs were higher than
the control 'pigs at days 0.33 and 3 but were lower than the
control plgs at days 1 and 7. The differences were not
statistically significant (Figure 8). If the data were
expressed as a mean percentage of control pigs, they were 0« 0.
3.2 o 2.0, 225.0 » 157.6 and 18.6 + 16.4 in the optimal’
concentration (20 wg/ml) and were 167.7 ¢ 0, 373.4 & 209.3,

- 318.7 ¢ 139.2 and 11.6 + 10.4 in the suboptimal concentration
(2 ug/mL) at days 0.33, 1, 3, and 7, respectively.

€. Peripheral blood 1ymphocytes. The function of enriched

peripheral blood lyﬁphbcyt&s was also evaluated by the non-
specific mitogen-induced lymphocyte transformation assay'measurud
by [’H] thymidne incorporation. The data have been combute:‘zed.

and analysis {s currently underway.

3. Pathology Study | |

Gross Findings - The T-2 treated pigs that died spontaneously or
were killed at 8 to 10 hours after inhalation exposure had prominent
changes in the gastrointestinal tract, gall bladder and heart. The
gastric mucosa was diffusely dark red (congestion and hemorrhage),
particularly in the fundic portion, along with multiple, variably
stzed linear or irregularly shaped erosions and ulcers. The stomach

contained a small to moderate amount of thick bile-stained mucus that

was occasfonally mixed with some blood. The mucosa of the entire
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small intestine was diffusely dark red, espgcially in the distal
Jejunum and fleum. The small intestine contaiaed a small amount of
thick, dark-brown mucus. The contents of the cecum and spiral colon
were yolloﬁ and watery. The mesenteric lymph nodes were enlarged and
wottled red. There were areas of extensive subendocardial hemorrhage
in the left ventricle. Occasionally, focal ;ubepicardia} hehorrhage
was found in the left atrium.” The wall of the gall bladder was
markedly tpickonod by odema{ marked centrilobular cqngestion was seen
In the liver. Occasionally, small, dark-red foci, approximately 2 to
3 mm in diameter, were randomly scattered in the lung lobes, mainly
‘n the diaphragmatic and accessory lobes. ‘Tho cerebral meninges were
markedly congested.
The gross changes in the T-2 treated pigs which survived unti)
scheduled k111 days (1, 3 and 7) wori subtle aﬁd mild. Focl similar
' to those present in the lungs of the T-2 treated pigs that were
killed or died at approx!mateiy p to 10 hours verolalso observed in a
foy }-z treated pigs killed at days 1, 3 and 7. Occasionally.'small. |
1inear erosions and ulceri. approximately 2 to I cm 16 length.‘weré
~ found n the gastric ‘mucosa of T-2 treated pigs killed at day .
Although watery diarrhea developed in | T-2 treated ptg killed at day
3, no changes were noted in the intestine apart from the yellow
watery contents.

Histopathologic Findings

Lungs: A patchy siight to moderate cellular 1nf11trafe was present in the

alveolar spaces of the T-2 treated pigs that were killed or died 8 to 10 hours

after inhalation exposure. The infiltrate consisted mainly of neutrophils
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along with a few macrophages. In addition, areas of mild to moderatevfibrin
deposition, a small amount of cellular debrt; and occasional mild edema were
also seen In the alveolar spacei. The alveolar septa were siightly thickened
due to congestion and mild Infiltration of neutrophils and macrophages.
Prominent lymphoid necrosis was noted in the peribroncﬁial and peribronchiolar
1ymphoid nodules. ‘Cellular debris (possibly lymphocytes) ‘was occastonally
observed in the epithelium and lamina propria as well as in the lumina of'the
small airways.

Microscopic changes. were also found in fhé lungs of some of the T-2
treated pigs killed at days 1, 3 and 7; however, the changes were subtle and
mild. The ccllular'inflltratgs in the-aiveolar spaces consisted mainly of
macrophages, although scattered neutrophils were still present. Occhsional]y,‘
small focal areas of alveolar edema were seen in pigs killed at day 1, but
there was no fibrin depostition. Mild thickening of the alveofar septa due to
Inflltration by mononuclear cells was only found in the areas where the
alveotar spaces contained cellular infiltrates.

Thymus. Moderate to marked lymphotd necrosts along with various numbers
of tingible body macrophages was seen in the cortex of the T-2 treated pigs
that were killed or died around 8 to 10 hours after treafmént. Mild to
moderate lymphoid necrosis was noted in the medulla as well.

There was a mtld to woderate' fncrease In the number of tingfble body
macrophages in the cortex of a few T-2 treated pigs killed at days 1, 3 and 7}
but no lymphoid necrosis was observed.

Tonst], Spleen_and Lymph Nodes. Massive lymphoid necrosis, mainly in the

germinal centers of the lymphoid follicles, along with prominent lymphoid
depletion was seen in the T-2 treated pigs that were killed or died around 8

to 10 hours after exposure.
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A few of the T-2 treated pigs kifled at days 1, 3 and 7 had scattered
individual cell necrosis.

Stomach. Extensive necrosis, congestion, edema, areas of hemorrhage and
fibrinoid degeneration of the vascular wall as well as formation of fibrin
thromb! were diffusely present in the luminal portion of the mucosa 16' T-2
treated pigs that wére killed or died approximately 8 to 10 hours after dosing.

Similar but focal changes were found in the pigs killed at day 1 that had
gross gastric lesions. -Mild degeneration and necrosis of the parietal cells
and various amounts of cellular debrfs were seen in the'epithelia and lumina
of the crypts adjqcent to the severely affecged redioﬁs. '

In;estine. 1n the T-2 treated pigs that were killed or'q1ed approximately
.8 tollo hours after exposure.'there‘were qassive lymphoid necrosis and 1yﬁphoid
depletion in the Peyer's patches and the lympﬁoid nodules in the submucosa.
Areas of mild to moderate necrosis of the mucosal epitﬁelium ahd the crypt
epithelium wefe seen in all seghents of the intestinal tract, espectally in
the 1leum and cecum. Flattening of the epithelial lining was often present in
the mucosal epithelium adjacent to the necrotic reglons. There were small to
large amounts bf cellularidebris admixed with varying numbers of neutrophils
in the lumen of the intestine. Occasionally, cellular debris was also present
" in the crypt lumena. o

No lesions were found in the intestine of the pigs kiiled aF days 1, 3
and 7: |

Pancreas. Multifocal degeneration and necrosis of single or small groups
of acinar cells of varying severity‘were seen in all of the T-2 treated pigs
at all four time points. The changes were characterized by vacuoli;a;ion and,
condensation of the cytoplasm as Qell as byknosls and karyorrhexis of the

nuclef.
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. CONCLUSIONS

Although the data have not been analyzed completely, the following conclu-

sions can be made based on the information available.

1.

Exposure of swine to T-2 toxin via inhalation resulted in death of several

pigs at a nebullized dose of 9 mg/kg but not at a nebulized dose of 8 mg/kg.

Vomiting occurred in all treated pigs.

The massive necrohemorrhagic gastritiﬁ. intgst1nal' necrosis, necrosis of
the lymphoid organs and tissugs as well as degeneration and necrosis of
exocrine pancreas which occurred ‘in pigs that were killed or died approxi-
mately 8 to 10 hours after inhalation exposure are similar to those
observed in our prévious studies 1nvolving intravenous administration of a
lethal dose of T-2 toxin.

Because of the marked cytotoxic effects of 7-2 toxin, massive'necrosis of
the lungs was originally anticipated to occur in pigs following inhalation
of T-2 toxin. However, the morphoiogical ;hangés in the lungs were mild
to moderate and appeared to ﬁe transient.

A significantly 1lower humoral {immune response, evaluated by measuring
antibody titers againsf SRBC, was preseqﬁ in the T-2 treated group during
the first week following primary immunization.

Significantly lower cellular immune responses were observed as both nén-
specific mitogen-induced blastogenesis of pulmonary lymphocytes and
bacterial uptake by alveotlar mabrophages in T-2 treated'groups, at ieast
in the first 24 hours after inhalation-exposure.

Therefore, 1inhalation exposure of swine to T-2 toxin can result in

significant clinical signs and an adverse effect on the immune system as well

as the morphology of the lung and other organs. The altered local and systemic
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tmmunity, both specific and nonspecific, in the exposed animals may make them

more susceptible to lnfection.
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Fig.1 The body weight of T-2 treated pigs and vehicle controls via
jnhalation exposure._VerticaI bars represent SEM in each group.
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E. ULTRASTRUCTURAL STUDY OF ACUTE T-2 TOXICOSIS IN SWINE: INTRAVENOUS AND
INHALATION ROUTES OF EXPOSURE--N. M. Haschek

INTRODUCTION AND OBJECTIVES

T-2 toxin 1s a radiomimetic agent which cases damage to the actively
dividing ceils of the gastrointestinal.' lymphoid, reproductive and hemato-
potetic systems of animals and bivds (Tatsuﬁo; 1968; Saito et al., 1969; Ueno
et al., 1969, 1972; Hayes et al., 1980; Moerr et ai.. 1951), Cardiovascular
changes, characterized by fibrin thrombi, myocardial degeneration, cellular
infiltration and fibrosis, were initially fepo;ted in rats surviving multiple
doses of T-2 toxin (Schoental et al., 1979). Acute myocardial changes were
later described both in vivo and in perfused heat preparations from the rat
(varom et al., 1983a,b).

In our previous studies, acute T-2 toxicosis in pigs was characterized by
massive lymphold necrosis; severe congestion of the gastrointestinal tract,
meninges and uterus; and hemorrhages in the subendot;rdial region of the heart
and In lymph nodes. Varfable, but severe, nocrosis‘of enterocytes was noted,
especially in the crypts of the small intestine. Necrosis was also pfesent in
the bone marrow. Myocardial degenerative changes characterized by myofiber
granularity, eosinophilia and necrosis were consistently present.

Although the morﬁholog!c effects of T-2 toxin have been extensively
sfu&led at the 1light microscopic level, wultrastructura! studies are few.
Mycocardial changes consistinq of edema and disorganization of myofibrils as
well as hypercontraction of myofibrils with accumulation of mitochondria have
been described In the rat (Yarom et al., 1983a,b). In an in vitro system

using human fibroblast cultures, significant ultrastructural damage was found
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in nuclei, rough endoplasmic reticulum and associated ribosomes, the respective
locations of DNA and protein synthesis.'uhile damage to plasma mémbranes and
lysosomes was not detected (Oldham et al., 1980).

The present study examines the early ultrastructural changes and their
progression following acute intravascular and 1nhalation administration of a
single dose of T-2 toxin éo pigs. Knowledge of the development of the
lyuphoid. myorardial -and ' iIntestinal lesions will lead to a Dbetter
understanding of the pathogenesis of T-2 toxicosis and 'thus may ald the
development of therapeutic regimens. '

Specific objectives were to:

1. Characterize the early ultrastructural changes and their progression

following a lethal intravascular dose of T-2 toxin in swine.

2. Similarly, qharactér!ze the early ultrastructural Tlesfons and. their’

progression following T-2 toxin given by inhalation.

.3. Compare the lestons induced by T-2 toxin when given by different routes of’

administration.

4, Carefully'eiamine myocardium, pancreas and endothelial cells for possible

T-2 induced damage.

- METHODS

1.. Intravenous T-2 Toxin Study Protocol

a. High dose (2.4 mg/kg)
Eight, 8-week-old male castrated crossbred SPF-derive& piglets
were administered purified T-2 toxin (99 percent pure) at 0 (2
control pigs) or 2.4 mg/Kg (6.treated pigs). The T-2 toxin was
dissolved in 2.5 mL of 50 percent ethanol and administered through a

catheter into the ear vein. The catheter was then flushed with 5 mL
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of normal saline. Similarly, the control pigs recgivad 2.5 mL of 50
percent ethanol followed by S mL of normal saline. Figs were kilfed
" by eloctrocutionvat 0.5 (1 7-2 pig), 1 (2 T-2 and 1 control p'g), 4
(2 T-2 and ) control pig) and 8 (1 T-2 pig) hours after exposure.
b. Low dose (0.6 mg/kg) '

T-2 toxin was administered iv at 0 (2 control) and 0.6 mg/kg (6
treated pfgs) to eight 17- to 18-week-old SPF-derived crossbred gilts
as described above. The pigs were killed 24 or 48 hours after
treatment and selected tissues, heart and pancreas were prepared for

electron microscopy.

Inhalation T-2 Toxin Study Protocol
'Nlné, 12-week-0ld male casgrated ¢rossbred SPF-derived pigs were
administered 0 (2 control pigs) or 10 mg/kg (seven.treated pigs) nebulized
T-2 toxin (as described under inhalation studies) mixed with Tc 99 m in
_absolute ethanol. ' Preliminary calculations indicate that approximately
1/3 of the nebulized dose was retained in the lungs. Pigs were killed by
electrocution at 0.5 (one T-2 pig), 1 (two treated and one control pig), 4
(two treated and one control pig) and 8 (two treated pigs) hours
postdosing.

Tissue Preparation

Sections from pancreas, sbleen, splenic.and bronchial lymph nodes,
duodenum, {leum, colon, liver, heart, trachea and bone marrow were diced
aﬁd fixed by immersion in 2 percent glutaraldehyde in 0.1 M phosphate
buffer overnight at 4° C. Lungs were first fixed by intratracheal

instillation of fixative.
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In pigs used for the inhalation study, the left lobe was tied off and
the right perfused with fixative. Sections were taken uniformly from the
periphery of the cranial, middle and caudal lobes. Additional samples
which contained airways were taken from d' deeper portion of the same
‘lobes. Thus, 6 sections were taken from each pig In a consistent manner
and 7rom the same location. Samples from the left lung lobe and ; nasél
swab were taken from random pigs and cultured. Mo significant organisms
were isolated.

~ After the initial fixation, tissue samples were washed in 0.1 M
priosphate buffer, postfixed in 1 percent osmium tetroxide, dehydrated in a.
series of graded ethanols, infiltrated by propylene oxide and embedded in
epoxy resins. Semi-thin sections were stained with methylene blue or

toluidine blue and examined by light microscopy. Ultrathin sections were

'stalued with saturated alcoholic uranyl acetate and lead citrate and then

examined with a JOEL® 100 CX transmission electron microscope at 80 KV.

RESULTS AND DISCUSSION

I.

Study 1 (IV):, As anticipated, necrosis of lymphocytes, hematopoletic .and
crypt epltheiial cells was observed‘within 1ymphoid tissues, bone marrow
and intestines, respectivelj. Additional changés weré found 1in fhe Tung, |
heart and pancreas. Marked changes wére present in the lung at 4 hours
postdosing. The capillaries were markedly dilated and contained large
numbers of neutrophils and macrophages which contained phagocytosedvdebris
(Figure 1). | |

At the same time, in the heart there were scattered foci of

degeneration characterized by the formation of contraction bands within

myofibers. In the pancreas, 8 hours after T-2 toxin, early degenerative
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changes in the membranous compartment of the rough endoplasmic reticulum
" were noted. |

The ultrastructural changes observed: in the heart and .pancreas
progress to lesions which are observable at the 1ight microscopic and even
gross level as demonstrated in the accémpianying‘.'manuscrlpt. entitled
“Myocar+ial and Pancreatic Lestons Induced by T-2 Toxin in Swine" which

has been submltted for pubHcation to Veterinary Pathology ‘In this stud,

(1b), on gross examination we noted scattered subendocardial hemorrhages,
multifocal piqpoint white focl in the nyocafdium and severe pancreatic
edema 1n one freated pig k‘lllgd at 48 hours. Histologic changes in the
myocardium of all treated pigs consisted of multifocai edema, typnonuclea'r'
cell 1nfntratior{'. myofiber hyalinization and formation of. contractiqn
bands with nuclear pyknosls. Ultrastructuraily, there were areas of
edema, myofibrl'llar disorganization, dilation of sarcoplasmic reticulumv
and formation of hypercontraction bands. Myocardial mineralization was
seen in the pig with gross leston<.. Pancreatﬁc changes in all treated
pigs cbnsisted of multifocal 'acinar degeneration and 'necrosis.
Ultrastructural'changes included irregularldilation'of rough endoplasmic
reticulum (RER) and firregularity, smudging and a decrease in electron
density. of some zymogen granules In addition, the pig with severe
pancreatic edema grossly had a severe suppurative necrotlzing pancreatitis.

Study 2 (inhalation). On gross examination, T-2 treated pigs killed 4 and

8 hours after exposure had an increased ‘amount of clear fluid within the -
pericardial sac, and in several pigs there was severe congestion and

hemorrhage in the glandular portion of the stomach.
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No ultrastructural changes have been observed in sections of the lung
'and pancreas examined to date. However, myocardial degeneration was
evident 4 ﬁours after treatﬁént. Myocardial degeneration was multifocal
and. characterized by the presence of hypercontraction bands (Figure 2a)
similar to those observed following intravascular T-2 toxin. In addition,
by 8 hours, there was severe focal loss and disorganization of myofibrils
in some myofibers (Figure 2b). In the bone marrow, by 4 hours, thefe v)ere
many necrotic tells (Figure 3a); preliminary Exaalnation suggesting that
these are hematocytoblasts, red blood cell precursors. By 8 hours,
eosinophils were observed to be undergoing necrosis with degranuiation
into the surrounding area (Figure 3b).

Changes were also noted in ‘the liver 'of two pigs 8 hours after
inhalation exposure. There was dramatic necrosis and loss of sinusoidal
endothelial cells (Figure 4). 'The ‘remain!ng endothelial cells showed
cytoplasmic edema and granular material as well as small numbers of
neutrophils were present in the sinusolds. In addition, there was loss of
the smooth endoplasmic reticulum (SER) within the cytoplasm and increased
Qesiculation along the sinusoidal 'border of the hepatocytes. These
changes were diffusely present in one pig and multifocal in the second pig.

The lesions observed in the IV treated pigs corresponded to the light
microscopic changes previously descrfbed. The changes in the myocardium
had been described previously in rats but not in swine. Theé pancreatic
lesions have not been previously described in any species, although recent
Information indicates that similar lesions ﬁave been seen in the cat
following T-2 toxin administration (R. Gunther, personal communication).

These lesions are described and discussed extensively in the accompanying
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manuscript. The finding of large numbers of neutrophils in pulmonary
captllaries correlates with the disappearance of these cells from the
circulation early after IV T-2 toxin admlnisfratlon. The presence ‘of
macrophages in the pulmonary capillaries is a normal finding in pigs.
However, after T-é treatmenf. these céils contatned phagocytosed debris,
presumably from circulating necrotic cells frém other tissues, such as
bone marrow. | ’

It Ii interesting that similar changes were nof observed in the lungs
of pigs exposed by inhalation to T-2 toxin. In fact, ﬁo lesions were
detected in sqction; examined so far froﬁ the lungs of these pigs. The
finding of liver lesions is of “Interest.: Hé have seen severe liver
necras1s'1n a fow pigs following inhalation exboshre'to T-2 toxin and .
hepatocyte proliferation in several animalg'following'lv administratlon'of
0.5 mg/kg T-2 toxin. However, these changes héve not been consi;tently
present. We aré pfesently evaluating liver ultrastructure from additional
pigs. It is of interest that the liver is the'only organ to date in which
we have seén-endothel?al cell daﬁage. No endothelial‘lesldns were seen in
the myocardium as have been described in rats (Yarom, 1983a).

Evaluation of remaining tissues ts in progress and will be completed

by the end of this year.
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Figure 1. Lung from a pig 4 hours after IV administration of 2.4 mg/kg T-2

toxin.

Vehicle control. An alveolar septum present within the

alveolar space (AS) is lined by thin cytoplasm of a type I
cell. Capillaries (C), lined by endéthellal cells (E), contain

red blood cells and macrophages (M) which are a normal feature

" of the porcine lung. Several type II epithelfal cells (II) and -

fibroblasts (F) can be seen. x 7,000.

T-2 treated. An aiveolar qacrophage (M), undergoing
disintegration, abuts the thin cytoplasm of a type 1 cell (I)
which 1lines the alevolar wall. ‘Capilliaries (C) contain

neutrophils or macrophages (M), many of them containing

phagocytosed debris. A neutrophil (N) is migrating through the

interstitium. x 7,300.
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Figure 2. Heart from pigs exposed to T-2 toxin by inhalation.

W TR EMD G S

a. Four hours after exﬁosure.' Prominent contraction bands (CB)
characterized by electron dense contractile materfal are noted
fn adjacent myofibers. Mitochondria are accumulated adjacent
to the contraction bands. Nuclef /) appear normal. x 6,700, |
Eight hours after exposure. An area of severe qyofibr'ﬂ
disorganization (MD) Vies adjacent to the nuclef (N) vhich
shows peripheral clmping of chromatin. x 13,000
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Figure 3, Bone marrow from pigs exposed to T-2 toxin by tnhalation.
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Four hours after exposure. Normal bone marrow cells 1nc1uding'
a megakaryocyte (MK), myeloblast (MB), neutrophils (N), lympho-
cytes (L), polychromatophilic normoblasts (PCN), and other

-crythrocyté precursors are noted around a sinusoidal capillary

5

(C).  Several hematocytoblasts (MB) show condensation of
nuclear chromatin ahd ;ytop]a'sm while undergoing degeneration.
Three cells are undergoing degeneration and necrosis (a.rrows).
One has been phagocytosed by a macrophage (M). x 5,700,

Eight hours after exposure. Two degenerating eosinophils (DE)
are releasing their granules (arrow) into the adjacent tissue.

Myeloblasts (MB) appear normal, x 10,800,
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Figure 4, Liver from pigs 8 hours after treatment.
a. Vehicle control. Normal endothelfal cell| (E) lines a sinusoid

(S). Hepatocytes (M) appear normal, x 4,400.
b. T-2 treated. The hepatocyte (H) and bile canulfculus (BC)

appear normal, In the sinusoid (S), neutrophil (N) fs -
present and there {is an 1increased amount of dense granular
materfal. The normal endothelial cell lining is lost and only
reticulum fibers (arrows) outline the sinusoid (S). x 10,600.
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F. MYOCARDIAL AND PANCREATIC LESIONS INDUCED BY T-2 TOXIN, A TRICHOTHECENE
MYCOTOXIN, IN SWINE--V. F. Pang, J. H. Adams, V. R. Beasley, W. B. Buck
and W. M. Haschek

ABSTRACT
The myocardial and pancreatic lesions induced by a sublethal dose of T-2

toxlh in swine were characterized at the 1ight and ultrastructural levels.
T-2 toxin was administered 1,v at 0 (two vehicle control pigs) and 0.6 mg/kg

(six T-2 treated pigs) to 17- to 18-week-old SPF-derived crossbred gitts. The

plgs were killed 24 or 48 hours after treatment and selected tissues were

examined by tht‘ énd e}l'ectron microscopy. On gross examination, we noted
scattered subendocardial hemorrhages, multifocal pinpolnt'white focl 1n the
myocardium, and se?ere pancreatic edema 1n one treated pig killed at 48
hours. Histologic changes in the myocardium of all T-2 treated pigs consisted
of lnultifoc'al edema, mononuclear cell -Infiltration, myofiber hyalinization,
and vacuolation, as well as formation of contraction bands. with nuclear
pyknosis. Ultrastructurally, there were areas of edema, myofibril‘lar dis~
organization, dﬂatlpn of sarcoplasmic reticulum, and formation of hyper-
contraction bands. In addition, myocardial mneran‘zathn was seen in the pig
with gross lesions. Pancreafic changes were present Tn-;ll T-2 treated pigs
and consisted of multifocal acinar degeneration'énd necrosis. Ultrastructural
changes 1ncluded 1rregular dilation of rough endoplasmic reticulum (RER), and
1rregu1ar1ty. smudging, and a decrease in electron denslty of some 2zymogen
granules. The pig with gross severe pancreatic edema also had a severe sup-
puratiQe necrotjzing pancreatitis. Thus, in addition to the well documented
radiomimetic lesions of the gastrointestinal tract and lymphoid organs, the

heart and pancreas are target organs of T-2 toxin in swine.

gt ,A a‘l 1! '\i‘ g‘}l ¥

b,’:l'q.b

S
el

PR 20 r AN g7 M A
A e e ey w" F A RN AN
AT L e *‘ BEPRAR ]




- 161 -

INTRODUCTION

T-2 toxin is one of Several trichothecene mycotoxins produced by Fusarium -

species. Fleld outbreaks of T-2 mycotoxicosis in animals and man have been
reported in the United states,'® Canada,’® Japan,** and the Soviet Union.**
More recently, T-2 tdxin has gained {international attention by being
implicated as a blochemical warfare agent "in  southeast Asta and
Afghanistan, '7:28:40 |

| T-2 toxin }s markedly cytotoxic ta epitﬁé11a] cells of skin and mucous

membrane, including the gastrointestinal tract,'*:°:?*+33 and to lymphoid and

‘hematopoietic tissues of many specfes.'®~'®'*+2%+3' Because of its ability

to cause marked damage to actively dividing cells of the thymus, lymph' ncde,

lspleen. bone marrow and crypts of the small intestine, T-2 toxin has been

.called a radiomimetic ageqt.‘° Effect on other organ systems have also been

reported.
Cardiovascular lesions have been‘observgd'in suspected field cases of T-2

toxicosis associated with moldy bean-hull poisoning of horses in Japan,**® in

.geese experimentally fed a diet containing T-2 toxin for 5 to 10 weeks,®® and"
in rats- surviving more than a year after several intragastric doses.*'

.However, the cardiovascular toxicity of T-2 toxin has only lrecently been

1stud1ed. Increased blood pressure and severe cardiovaécular éhnormalitie§
were reported in a long-term rat study in which multiple doses of T-2 toxin
were administered 1htragastr1cally.” 'A dose-related decreaselof contractil-
fty, ECG changes and ultrastructural damage to myofibers were foﬁnd in"isolated
preparaticns of rat heart.’® Histologic and ultrastructural myocardiaf changes

occurred in hearts of rats gliven single large, or repeated small doses of T-2

toxin intraperitoneally.®® Pancreatic lesions characterized by degenerative

.
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and reparative changes in the pancreatic ducts, stromal vessels and assoclated
cqnnectlve tissue, as well as tumors of the endocrine and exocrine pancreas

have only been reported in one long-term rat study of T-2 toxicosis.*' These

~ changes have not been studied at the ultrastructural level.

In our own studies, we observed subtle myocardial degeneration. in swine

-and cattle. in a toxicokinetic and toxicodynamic study of T-2 toxin.* In

addition.‘we have seen similar myocardial degeneration as well as exocrine
pancreatlé degeneration and necrosis in pigs during studies of T-2 togicosls
via intravascular admihlﬁtration (unpublished data).

The purpose of this study was to characterize the histologic and
ultrasfructufal changes induced by T-2 toxin in the myocardium and pancreas of
swine. Charécterizatiqn of these changes may illow a better understanding of A
the pathogenesis of T-2 toxicosts and thus influence the cholice of therapeutic
regimens for the treatment of this toxicosis.

MATERIALS AND METHODS

Eight 17-18-week-01d SPF-derived (specific pathogen free) crossbred gilts,
weighing between 54.and 66 kg, were randomly assigned to 2 groups. Each group
tonsisted of four pigs, three T-2 treated and one vehicle control. Purified
T-2 toxin (99 péfcent pure) at a sublethél dosg of 0.§ mg/kg, was dissolved in
2.5 mL of 50 percent ethan~l and administered through a catheter into the ear

vein., The catheter wa$ then flushed with 5 mL of normal saline. Similarly,

- the control pigs received 2.5 mL of 50 percent_eth&nol followed by 5 mbL of

normal saline. The pigs were 1immobilized with ketamine (Ketaset®,
Bristol-kKyers Co., Syracuse, NY), and then killed by electrocution either 24

or 48 hours after treatment.
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The heart and pancreas were removed immediately and representative tissue
samples for ultrastructu:ll evaluation were taken from the head, body and tall

of the pancreas, and from the papillary muscles of the left ventricle, the

septum and free walls of the right and left ventricles and otria. The tissue

samples were diced and fixed in 2.5 percent glutaraldehyde in 0.1 M phosphate
buffer overnight at 4°C.. They were then washed in buffer, postfixed 1in
1 percert osmium tetroxide, dehydrated in a serfes of graded ethanols,
infiltrated by propylene, oxide and embedded {n.epoxy resins. Semi-thln
sections were stained vit& methylene blue or'toluidine blue and examined by
1ight microscopy. Ultrathin sections were stained with saturated alcoholic
uranyl acetate, then lead citrate and examined with a Joel® 100 CX

transmission electron microscope at 80 KV.

Sections of heart (11414 from each pig) and pancreas immediately adjacent
to those collected for electron microscopy as well as tissues from other
organs (spleen, thymus, 1lymph node, gastrointestinal tract, 1liver, kidney,

thyroid, adrenal, bone marrow, brain) were fixed in 10 percent neutral

buffered formalin, embedded in paraffin, sectioned at 6.pum, stained with

hematoxylin and eosin (HE) and examined by 1light microscopy. Selected

]

myocardial sections were s%ained with phosphotungstic acid hematoxylin (PTAH).

Some of the tissues |that had been prepared for light microscopy were

reprocessed for e]éctron 1crbscopy. The desired areas were trimmed from the

paraffin blocks and the embedding material was dissolved with six changes of
xylene for 5 minutes each. The xylene was changed to absolute ethanol with
several changes overnight. The tissues were rehydrated with ethanol at
ascending grades, and then fixed for one hour in 1 percent osmium tetroxide.
These tissues were then| dehydrated and embedded as described above for

electron microscopy.
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Samples of'ilvor were collected from all pigs and analyzed for selenium
content by a gas chromatographic assay using an electron-capture detector.?'
RESULY .

Clintcal signs were .eadily apparent in [igs treated with T-2 toxin.
Chewing and salivation fol lowed by several bouts of vomition occurred within 5
to 30 minutes after treatment. The pigs Qero "lethargic and had labored

breathing, purplish discoloration of the oral micosa and snout, as well as

marke¢ congestion of ‘the conjunctiva and sclera. The skin became diffusely

reddened during the first few hours after dosing, and then turned to purple.

The ears and limbs were cold to the touch. After's to 6 hours, the signs

'began to regress. Aside from being less alert and active, the pigs appeared

clinically normal at the time of killing. Liver selehiun concentrations of
toth treated and control pigs ranged from 224 to 488 ppb uhich were within the
normal range.

No gross lesions were ﬁeen tn the T-2 treated pigs killed at 24 hours or
in the control pigs. One of the three T-2 treated pigs kilied at 48 hours had
scattered small subendocardial hemorrhages in the left ventricle, mainly in

the papiilary muscles. In addition, there were multiple pinpoint white foci

randomly scattered throughouf the myocardium of the entire heart, but they

appeared most prominent in the left ventricle. In the same pig, diffuse
severe subcapsulér and interlobular edema was present in the pancreas. Areas
of slight interlobular pancreatic edema were also noted fn the other two T-2
treated pigs killed at 48 hours.

Histologically, the principal myocardial lesions cansisted of multifocal

degeneration and necrosis together’ with interstitial edema Qith or without

mononuciear cell infiltration. The changes were noted in all 7-2 dosed pigs,

although individual variation in the severity and frequency of the lesion was
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present in pigs killed at both 24 and 48 hours. Two distinct types of
degenerative changes were 1dent|f1ed and these two changes usually did nop
occur concomitantly 16 the same myofiber. The first type of degenerative
change was widely dlstr!bute& anq was char;cterized by affected myofibers

'bgcoming deeply eosinophilic or completely hyalihizgd with pyknotic nucletl

(Figure 1a). In many of the severely damaged myofibers, the normal

longitudinal str1at16ns were replaced by multiple highly eosinophilic and
transversely oriented contraction ‘bands (Figure 1a) which were ‘stained
intensely with PTAH (Figure 1b). Granulation, fragmentation, and

mineralization with varfable loss of myofibers wefe‘appareht in some areas

(Figure 1c). Interstitial edema and mononuclear cell infiltration were

usually assoctiated with this tyﬁe of alteration. Althouéh the changes Were
randomly scattered throughout the heart, they 'were_ more prominent in the
,afria; papillary muscles of th§ left ventricle, and lower left and upper right
ventricle, = particularly 1in the subendocardial ‘reg1§n. There was no
correlation between severity of lesions and length of survival but the
intensity of minerhli;ation and loss of myofibers were most severe in the pig
thch had grossly visible heart lesions when killed at 48 hours.
The - second type of degenerative change was vvapuofation of myofibers
(Figure 1d). The affected myofibers ’had either single large, or multiple

variably sized vacuoles which frequently displaced the nucle! laterally. The

vacuoles were clear or contained pale staining, finely granular to fibrillar

materfal or occasfonally contained well defined large hyaline droplets. This

type of alteration appeared to have a predilection for the papillary muscles

and the free wall of both ventricles. As with the first type of degeheratlon;

no correlation between severity of vacuolation .and ki1l time was found.
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Ultrastructural changes in myocardial tissue fixed directly for electron
microscopy consisted of {intermyofibrillar edema with some separation of
myofidbrils, and mild dilation of sarcoplasmic roticulum.' Since changes
consistent with the transverse contraction bands, vacuolation or necrosis
observed at the 1ight microscopic level were not‘found fn the plastic embedded
sections, 'samples from the paraffin embedded tissues were prepared for
electron microscopy. Numerous dense necrotic myofibers were seen in the areas
that had contraction bands od Tight microscopy. Theso' myofibers contained
clumps of disrupted, electron-dense, contractile material which was usua]ly‘
surrounded by large numbers of mitochondria (Figure 2a). Loss of filaments,
edema, and accuﬁulation of a finely granular and fibrillar material were noted
between these dense clumps of Hisrupted contractile material. Focal
distension of the sarcoplésmic reticulum was seen in some affected myofibers.

Myofibers which were vacuolated at the 1light microscopic level
ultrastructurally contained variably d11atgd elements of the sarcoplasmic
reticulum (Figure 2b) and membrane bound vacuoles containing variable amounts
of finely granular and fibrillar material. At the margins of the very large
vacuoles, aggregates of membranous fragments were often observed. Connections
appeared to be present between the membranous aggregates and the 1ining
membrane of the space, suggesting formation of these  vacuoles by coalescence
of dilated elements of sarcoplasmic reticulum. Destruction and los§ of thg
myofibrils with accumulation of large ‘quantities of disorganized fibr1liar
substance were evident in the injured myofibers; however, no hypercontrac€1on
bands were obse}ved next to the large vacuoles.  Mitochondria of these

affected myofibers occasionally contained amorphous electron-dense granules.
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Histologic pancreatic changes in all T-2 treated pigs klllea’at 24 hours

consisted of multifocal degeneration and necrosis of single or grouped acinar

cells (Figure 3). -Affected cells contained either a single large vacuole, or

occasionally, multiple varifable-sized vacuoles. The nuclei were laterally

displaced and often pyknotic or undergoing karyorrhexis. Globular cytoplasmic

condensation or hyalinization surrounded by a halo was seén in many of the

degenerating cells. Areas of interlobular edema and fibrin'depositlon along

with fat necrosis were observed in two pigs killed at 24 hours. The islets of
Langerhans were relatively unaffected, although occasional single cell
degeneration consisting of vacuolation and 1ncre$sed cytoplasmic granularity
was observed. Similar, but more severe changes were seen in two of the 1-2
treated pig§ killed at 48 hours. In the third pig, which gros;ly had §hown

prominent pancreatic edema, a diffuse, suppurative necrotizing pancreatitis

. was present (Figure 3c). This was characterized by indistinct lobules, and

disorganized and disrupted acini. Edema, flbrin deposition, and infiltration
of neutrophils and macrophages were prominent along with fat necrosis and

scattered small focal intralobular hemorrhages. Epithelial hypertrophy and

hyperplasia, characterized by epitheltal evaqinatibn and frequent mitotic

figures, were present in the ducts.

Ultrastructurally, the degenerating acinar cells had variable dilétion of

the rough endoplasmic reticulum with eventual disruption and coalescence to

form large membrane bound spaces (Figure 4). Small irregular, membrane-lined
Qaéuoles. myelin-1ike membranous aggregates and small membranous fragments
werg often present in these large membfqne bound spaces. The remaining'area
of these spaces efther was clear or contained electron Iucenf granular

substance. Some zymogen granules were irreqular, smudgy, and electron-lucent
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(Figure 4c). In necrotic cells, the nuclear remnant was displaced laterally
by large cytoplasmic vacuoles and surrounded by a disintegrated nuclear
envelope with markedly dilated perinuclear cisternae (Figure 4c).

| Minimal to moderate multifocal lymphocytic necrosis was obseryed in the
cortex of the thymus of five T-2 treated pigs, three killedvat 24 hours and
two killed at 48 hours. A moderate number of hepatocytes in mitosis were
noted in the liver of two T-2 treated pigs killed at 48 hours. The ga;trIcA'
mucosa of two T-2 treated pigs killed at 24 hours had mild multifocal necrosis
mainly at the luminal phase, together with mild congesti&n,.hemorrhage. and
neutrophilic 1infiltration. FibrinoidT degeneration and fibrin thrombi were
noted 1n scattered capillaries. v | |

DISCUSSION

Based on the  histologic and ultrastructural findings, two types of
mydcardial lesions were induced by T-2 toxin in swine.  In the first type,
mild dilation of sarcoplasmic reticulum, sarcoplasmic edema, and mala)lgned
myofibrils were followed by myofiber necrosis with formation of hyper-
contraction bands, myofibrillar loss, and finally by minerali;ation and loss
of myofibers. In ‘the second type of lesion, safcoplasmic vacuolation was
characterized by distention of the sarcoplasmic reticulum as \well as
myofibiltlar loss and occasional amorphous electron-dense mitochondridl
- deposits. -
In other studies, most rats gitven a single large dose of T-2 toxin
| (2 mg/kg) intraperitoneally and Killed 1, 2, or 3 days later had myocardial
lestons. These lesfons included interstitial edema, focal cellularity, and
groups of edematous and disorganized myofibers.®® Large areas of cellular

Infiltration and patchy fibrosis, mainly in the subendocardial region of- the
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left ventricle, were described in rats killed 1. or 2 months after a series of

‘small intraperitoneal doses of T-2 toxin (0.5 wg/kg or 0.3 mg/kg).*¢ In

fsolated perfused rat hearts, T-2 toxin caused decreased contractility and
electrocardiographic abnormalities without much effect on heart rate, or QRS
and QT Intervals.®?® Ultrasfructurally. the affected myofibers and their
mitochondria were swoilen. The sarcomeres were hypercontracted and malaligned
with poorly staining ; 1ines.

Necrosis with contraction band formation occurs in many forms of cardiac
injury in which excessive amounts of calcium enter the myofibers and trigger a
number of events, including decreased mitochondrial energy production, forma-
tion of 1ntram1tocﬁondrlql calcific deposits, and activation of sarcoplasmic
phospholipase and proteases.®'*?** This type of injury can belinduced by a
number of agents including catecholamines.?*'%**’ Dramatically increased
plasma Eoncentratlons of catecholamines, both epinephrine and norepinephrine,
were seen fn a previous study during which swine werelgived fv T-2 toxin at
lethal (4.8 mg/kg) and sublethal (0.6 mg/kg) doses.Z® |

There is a striking tendency for localization of the myocardtal lesion
induced by catecholamines, such as isoproterenol, to the subendgcardial third
or half of the ,myocard!uﬁ.‘ The lesions are most pronounced in the left
ventricle.’*’=** It is well known that perfusion pressure is lowest in the
subendocardium because coronary pressure decreases, while tissue pressure
increases, as one moves from the epicardium toward the endocardium.’? It has
been suggested that the myocardial lesions induced by catecholamines are -
probably attributable to their exaggerated pharmacologic effects including
positive chronotropic and {notropic actions as well as myocardial

hypotension.? Tachycardia decreases the period of perfusion, whereas
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hypotension may lower coronary perfusion. Posif%ve tnotropic actions result
in greater expenditure of energy, and therefore greater requirements for ATP
production. - All of these eveﬁfs. then, lead to a condition of relative
coronary insufficiency which is one hypothetica! mechanism by which the focal
‘necrosis occurs.’ -

In the present study, myocardial dégeneration, necrosis, and mineralization
were also present mainly in the subendocardfal region, although lesions'were
observed in both ventrlcl;s and atria. The changes in affected myofibers were
compatible with those induced by catecholamines.

Extensive sarcoplasmic vacuolization has also been obseried in the atrial
myocardium of pigs with acute“,monensiﬁ ‘toxicosis.*® Profound cytoplasmic
vacuolation, mainly due to proﬁounced swelling of the tubules and éisternae of
the sarcoplasmic reticulum, is one of two forms of degenerﬁtion occurring in
the cardiac myofibers in anthracycline .téxicosis.’ Peroxidative damage of
‘membranes was cited as one possible mechanism.in'both instances. Although T-2
toxin is not known to exert direct peroxidative effects, accelerated
phokpholip\d degradation and ltpid peroxidation of plasma membranes have been
speculatedfto be one mode of action of T-2 toxin.*®

In the present study,'the papillary muscles of the left ventricle had fhe
most severe mybfiber vacuolation. The oxygen demand of the left ventricular
papillary muscles is high because of their great mechanical work supporting
the mitral valves ddring systole.? Because the capillary Sed in the papillary
muscfes 's utilized at near capacity even at rest; hypoxia develops when demand
increases, and this hypoxia is probably more severe and of longer durétion
than that of other subendocardial tissues.”*?’ These énatomic and functional

specificities may make the papillary muscles of the left ventricle more
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susceptible to membranous damage with resultant development of distension of
the sarcoplasmic reticulum in T-2 treated pigs. v

Ischemia,*® toxic chemicals or drugs,?® as well as viruses, endotoxin,
nutritional deficiency, and trauma can induce direct pancreatic acinar cell
damage. Cytétoxic effects induced by chemical agents include changes in RER
and . mitochondria, enhanced autophagy, 1loss of secretory granules and
necrosis.?® Aflatoxin B, causes dilation of Golg! and RER with disaggregation
of' ribosomes, as well as changes in zymogen granules in the rat exocrine
pancreas.*® In our previous study when T-2 toxin was given as a single
1ntra§ascular dose to swine (4.8 mg/kg) a shock syndrome was produced.?® It
was characterized by a decline in cardtac output and blaod pres;ure..increased
plasma concentrations of epinephrine, norepinephrine,  thromboxane B2,
6-keto-PGF-1a and l?ctate as well as decreased arterfal pH and arterial oxygen

partial pressures. The panéreatlc vasculature appears' to be sensitive to

‘alterations in cardiovascular status, the hypotension associated with shock

usually resulting in hypoperfusion of the splanchnic reglon.?® Pancreatic

blood flow decreases abruptly in hemorrhagic shock.''*?*'*? Recently acquiréd

‘data show that blood flow to the pancreas in swine s markedly reduced

following v administration of T-2 toxin (G. R. . Lundeen, personal
communication). It 'has been suggested that defects In the cell membrine;
presumably due to activation of endogenous phospholipases and/or inhibition of
the reacylation of lysophospholipids, are an early feature or firreversible ’
Ischemic cell injury.'**? Studies using Hepatocytes-and'animals with tnduced
myocardial 1schem1§ indicated that the plasma membrane, and the membranes of
the endoplasmic reticulum in liver cells and. of the sarcoplasmic reticulum in

myocardial cells, are preferentially affected in ischemla.’*® Distension of
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the RER was the most evident morphological alteration of the pancreatic acinar
- cells present in our pigs. |

Hypoxia and fischemia are potént stimuli for disruption of lysosomal
membranes.?? Proteolytic lysosomal enzymes can activate pancreatic
proe'nzymes.f’. The release and activation of these enzymes .can- ,'enhance
preexisting injury and thus cause acinar cell necros!s; It is specufafe that
ischemia secondary to hypoperfusion might play an important role in pancreatic
acinar cell injury in T-2 treated pigs, 'althop§h one _cannot rule out’ the
possibility of a direct cytotoxic effect of T-_Z toxin. Release of enzymes
from necrotic acinar cells into the interstitium can cause injury to adjace‘nt
cells and thus extend the damage. In massive and severe acinar gell necrosis,
the release of cnzyuies and cell debris formé & powerful "stimulus ‘for the
fnitiation of inflammation. This autolytic proc,ess\migjht be t'he mechanism
respon§1ble for the severe'necrotizing pancreatitis which occurre& fn one of
the T-2 treated plgs killed at 48 hours. '

The prdteolysis assoclated with the zymogenic and Iysosémal proteases
released ddr1ng _the 'shock process may also stimulafe the production'of“
myocardlal depressant factor (MDF).??*?% MDF, a peptide released from acinar
‘cells throqgh damaged cell membranes,‘ma'y bind to large ca‘rrier. proteins in
the extracellular fluid or remain as a free peptide.“ It is then taken up.by "
lymphatic capillartes or 1s transported directly by capillaries to the
systemic circulation.'? The best known action of MDF s its negativel
Inotropic effect in both the 1isolated papillary muscle’’ and the fintact
an!mal.""; In this study, the pig which had the mbst severe pancreatic
damage was the only one which showed gross myocardial lesions. MDF released

from damaged pancreatic acinar cells, may have augmented the T-2 {nduced
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cardiac dysfunction or, conversely, severe myocardial 1Injury may have
1ncreasedvthe severity of pancreatic ischemia.
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Heart from swine treated with T-2 toxin.

24 hours. Increased staining, pyknotic nuclet and transversely
orifented cont:fction bands are noted !n the centrally located .
myofibers. There 1is a mild interstitial infiltration of

mononuclear cells. HE. Bar = 40y

24 hours. Higher magnification of a. Prominent transverse
contraction bands and granular sarcoplasm are present in

affected myofibers. PTAH. Bar « 20u

48 hours. Degeneration and mineralization of myofibers are

prominent. HE| Bar = 40p
24 hours. Severe myofiber vacuolation with peripheral nuclear
displacement (Jower middle) as well as myofiber fragmentation

and early karyorrhexis (upper right) are evident. HE. Bar =
20u.
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FIGURE 2, Heart from swine 24 hours after treatment with T-2 toxin.

a.

Prduinent contraction bands, characterized by electron dense
contractﬂe materfal, are surrounded by 1large numbers of
mitochondria (M). In adjacent areas edema separates. sarco-
plasmic contents. Bar = 3.

Two myofibers are widely separated by interstitial edema
(center), Mild sarcoplasmic edema fs present in one myofiber

(bottom) while the other myofiber (top) contains remnants of

‘normal sarcomeres (arrows), however the majority of myofila-
ments are in the dispersed state. Severe sarcoplasmic vacuolar

‘ degeneration 1s noted in this myofiber. A membranous fragment

(arrow head) is present within one such vacuole, Bar = lu.~
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- FIGURE 3. Pancreas from swine treated with T-2 toxin. HE.

a8, 24 hours after vehicie (control)., Normal acinar cells. Bar s
20u.

b. 24 hours after T-Z‘toxfn. There is severe vacuolar degener.
atfon and fndividual cell necrosis (arrows) of acinar cell:,

Bar = 20u. . |
c. 48 hours after T-2 foxin. Severe disorganizatfon and necrosis
of acinar cells are present. Note the hypertrophy and hyper-
' plasfa of ductal epithelium with several wmitotic figures

(arrow). Bar = 40u.
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FIGURE 4, Pancreas from swine 24 hours after treatment.

c.

Yehicle control. Parallel arrays of RER and electron-dense
'z_ymgen granules are present in pancreatic acinmar cells, Bar

-A7uo

T-2 treated. There is disorganization of RER with variable and’

frregular dilatation. Bar = 74,

'7-2 treated. In more severely affected cells, large membrane
bound vacuoles displace the nucleus or ‘ch1ear remnant
peripherally and contain small membranous fragments. Some
zymogen granvles are {irregular, smudgy and ha\'re} decreased

electron-density with widening of the perigranular space

| (arrows). Bar = 8.
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G. CARDIAC BULK ELECTROLYTIC STUDY--Bob Poppenga

SUMMARY

Cardiac bulk electrolytes (sodium, potassium, magngsium and calclium) were
determined in both a T-2 toxin dosed and a control group of rats. Those rats
which received T-2 toxin appeared to show lafger intergroup variqtion§ in theﬁ
Tevels of these'elgctrolytes compared to the control rats. 'The significance

of these variations has not yet been determined.

MATERIALS AND METHODS

Twenty, approximately 330 to 340 gram, female, Sprague-Dawley rats'were
rahdomly divided into 1 c¢f 2 experimental groups follqwjpg a 1-week
acclimatization périod; Aftér an overnight fast, one experimental group
received 3 mg/kg T-2 toxin IP dissolved in a 50 percent ethanol vehicle (Slmg

T-2 toxin per mf of vehicle). The control group received a comparable amount

" of the 50 percent vehicle IP.

Following T-2 toxin administration, the rats were returned to @he1r cages
and observed for 8 hours. Water was avallable ad libitum. After the 8-hour
observation period, all the rats were sacrificed by decapitation. The heart

from each rat was immediately removed, rinsed with delonized water to remove

© any residual blood, dried, placed in 1nd1v1dbal whirlpac bags and frozen.

Several days later, the hearts were thawed, weighed and put into tndividual
cruclbies. The c¢rucibles were placed in a dessitating oven for 4 hours.:
Following dessication, the.sample§ wefe ashed in a murrle furnace.

Each ashed sample was next dissolved in 10 mL of a 25 percent hydrochloric
acld solution. Ten mL or a 2 percent canthanium oxide solution was then added

to each sample bringing the total volume of each sample to 20 mL. One-hundred
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w/L aliquots from each solution were transferred to 10 mL volumetric flasks
and brought to volume with a one percent canthanium oxide solution.

Sodium, potassium and ‘magnesium levels were determined by an atomic
absorption spectrophotometer following aspiration from the volumetric flasks.
Calcium determinations were made in a similar manner'with the exception that
spectrophotometer aspirations were made directly from the crucibles.
Appropriate standards were run to assure accuracy. '

RESULTS

The electrolyte concentrations from each rat are shown in Tables 1 and 2.
Concentrations are reported in ppm. The data from one control rat was
discarded due to an apparent error in dilution of the sample.

'A relatively large difference fin cardiac tissug mean sodium levels
occurred between the control and treatment groups, 881.0 ppm vs 629.3 ppm,
respectively; a drop of 28.6'percent. The range was more variable in the

treatment group (261 ppm to 883 ppm) vs. the control group (748 to 1089).

. Differences were also noted in mean potassium, magnesium and calcium levels

. (for K*, 3862.5 ppm in the control group vs. 4035.8 ppm for the treatment

group, an increase of 4.5 percent; for Mg**, 235.7 ppm in the control group
vs. 220.1 ppm in the treatment group, a drop of‘G.G percent; and for Ca'’,
25.4 ppm in the control group vs. 29.6 ppm in the treatment group, an increase
of 16.5 percent. Ranges were more variable in the treatment group than in the
control group for all 3 electrolytes (see Tables 1 and 2). |
DISCUSSION

Unfortunately, whole tissue electrolyte content without plasma electrolyte
levels does not allow for determination of changes in the fintracellular vs.

ertracellular levels of the individua' electrolytes. . Whole tissue levels may
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provide an insight into whole body levels, however, assuming no significant
dehydration fis presént. In the absence of severe vomiting, diarrhea or
diuresis slgnificant dehydration would not have been expected to occur within
the 8 hours between 1-2 toxin administration and sacrifice time as was the
case in this experiment. Detalled dfscussibn‘df the above results will await'
appropriate statistical anaiysis. At least in individual animals, significant

changes appear to have taken place when compared to control animals.
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TABLE 1.
Wet
: Weight .

' Rat Heart Na* K* Mg** Ca**
Control No. Welght (Gram) (ppm) (ppm) {ppm) (ppm)
2 299 .89 73 3396 237 - 23.9

s 330 .95 893 4304 243 26.3

6 o .19 932 3601 21 25.8

8 320 .86 930 3927 246 24.7

0 332 .94 1089 3877 238 29.0

12 365 1.16 938 3908 237 25.5

14 368 1.04 785 3675 228 24.5

16 386 .0 748 4154 221 23.3

18 348 1.18 841 3917 244 25.5

EK 3025 ~ 8.88 7929 34759.4 2121 228.5
X 336.1 99 880.0  3862.1  235.7  25.9
+SD . s 388 + 13 +106.5 +216.2 8.6 + 1.7
Ranges 277 to 79 to 748 to 339 to 221 to  23.3

386 1.18 1089 4304 246 to
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TABLE 2.
Wet
Welght
Rat Heart Na* K* Mg** ca**
Control No. Weight (Gram) (ppm) (ppm) (ppm) (ppm)
1 32) .98 261 4082 235 23.6
3 270 .96 883 4352 260 30.3
5 388 1.05 792 4233 238 23.8
7 403 1.34 860 4710 244 48.0
9 404 1.15 668 4792 228 51.5
1 338 1.00 592 4267 230 27.3
13 360 1.07 314 2409 138 13.0
15 329 1.07 688 4237 239 1 22.0
17 329 .99 857 4579 252 21.5
19 280 .89 378 2697 137 35.3
E 3430 10.5 6292 40358 2201 296.3
X 343.0 1.05 629.3 4035.8  220.1 29.6
+ S.D. +45.6 + .12 +235.8 +816.2 +44.6 s 12
Ranges 278 to .89 to 261 to 2409 to 137 to  13.0
‘ 404 1.34 883 4792 - 260 to
51.5
Jaa:sfb:918
02/26/87
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H. SUBACUTE TOXICITY AND IMMUNOTOXICITY OF TOPICALLY APPLIED T-2 TOXIN IN
SWINE--Victor F. Pang

INTRODUCTION AND OBJECTIVES .

Interest in the group of trichothecene mycatoxins, particularly T-2 toxin,
has been greatly Increased as accumulating evidence points towards their use
in biochemical warfare by Soviet-supplied forces in southeast‘Asialand else-
where. 'Dermal exposure is one of the most direct gnd important routes of
exposure. Since the permeability properties of their skin and the general
phystology, particularly the cardiovascular system, of pigs are comparable to
man, swine were chosen as a sultable model for the study of derma! exposure to
T-2 toxin.

The objectives of this study were: 1) to characterize the sequential
morphologic changes of skin and other organs after a single sublethal topical
dose of T-2 toxin and 2) to assess the effects of topicalfy applied T-Z‘toxin
on the immune system, hematologic parameters, serum énzymes. blood cheﬁistries.
body temperature and body weight.

PRELIMINARY STUDIES .

Two preliminary studies were carried out in order to determine an appro-
priate sublethal but toxic dose, to establish procedural protqcols énd to
evaluate experimental technigues of toptcal appltcatton and immunoassays for
use in the formal study. '

Four pigs were used in the first preliminary study. In or&er to determine
whether sheep red blood cells (SRBC) were a suftable immunogen in swine, two
doses (each 10° SRBC suspended in 1 mL of phosphaté'buffered saline) 21 days

apart were administered subcutareously in two pigs. The response to this
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fmmunizaton was measured by the lymphocyte transformation assay and hemag-
glutination titers. Adequate timunization was achieved by this route. For
dose range determination, T-2 toxin was dissolved in 0.75 mL of dimethyl
sulfoxide (DMSO) and applied at doses of 20 mg/kg and 15 mg/kg to one pig
each. The dissolved T-2 toxin was applied topically to a shaved area on the
back, approximately 10 x 15 cm’. A protective nonocclusive foam pad was used
to prevent loss of the toxin from the dosed area and, at the same time, to
allow 1indirect exposure to the air through an elevated_layer of gauze. The
plg dosed with 20 mg/kg died within 24 hours due to causes unrelated té‘T;Z
toxin. The dose of 15 mg/kg caused severe dermal ulceration at the site of
application with relatively good recovery of the animal after three weeks. The
pig dermally dosed with 15 mg/kg T-2 toxin was immunizeq subcutaneously with
1 mL of 10” SRBC at the time of dosing. This was followed by a secohd {mmu-

ntzation 21 days later. Data obtained from the lymphocyte transformation assay

in this pig showed a poor response of the peripheral blood 1ymphocytes to both
phytohemagglutinin (PHA) and concanavalin A (Con A).lbut a slight increase in
the responses to 1lipopclysaccharide (LPS) and pokeweed . (PWM) mltogeng when
compared with the 2 pigs immunized with SRBC only. Hemagglutination titers of
this treated pig during the period of the primary immune response were slightly
higher than those of the two unfreated pigs.

Four pigs were used in the second preliminary study.. T-2 toxin was applied
topically at doses of 10 mg/k§ (two pigs) and 15 mg/kg (two pigs) in order to
evaluate survival, clinical signs and immunologic effects. A1l 'pigs suivived
in this study. Pigs exposed to 15 mg/kg of T-2 toxin had more severe clinical
signs (fever, anorexia, lethargy) than pigs dosed at 10 mg/kg. No immunologic

effects were seen in pigs dosed at 10 mg/kg. Effects on the immune system of
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pigs dosed at 15 mg/kg were similar to thbse seen 1n the pig used in the first

preliminary study, although {individual variation {in 1immune response was

evident.
FORMAL STUDIES ‘ _
A. Histologic Effects of Subacute Dermal Exposure to T-2 Toxin
' In this study, histologic effects of dermally appiied T-2 toxin were
evaluated in 26 11-12 week old.lcrossbred. female, specific-bathogen—free
(SPF) pigs. T-2 toxin was dissolved in 0.75 mL DMSO and applied topically
as'doscrtbed in the preiiminary studies, at doses of 0 (eight control
pigs) and 15 mg/kg (18 pigs). Animals were killed.sequentlally'on 1, 3.7
and 14 days pqst¢osing. A - complete necropsy was performed and
representative tissue samples were fixed for histoloqicvexamination.
Grossly, the areas of skin exposed to T-2 toxin were swollen and
bright to .dark red on days l.(figure 1) and 3 (Figure 2), then becoming
purple to dark purple on day 7 (figUre'3) and day 14 (Figure 4), respec-
tively. Prominent scale formation was noted on day 3, and it became
‘ progressively worse 6n days 7 and 14. On.day 7, the affected skin'was
.Inecrotic‘and covered with. serosanguinous exudation at the margin of the
exposed reqioné. These lesions became bloody and covered by a thick,
crdsty scab on day 14. The affected skin and the underlying tissue were
focally separated at the border of the exposed area. |
On 'day 1, the histologic changes were‘ located primarily in the
eptdermis and upper dermis, although occas1onal mild involvement of lower
dermis and superficial subcuticutar fat was present. The lower dermis and
subcuticular fat were affected in all piq§ by day 3. The severity and
depth of the lesions in the three layers of skld 1ncreaseg progresslve]y

from day 1 to day 14,
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The changes in the epidermis on day 1 were charactefized by multifocal
mild to moderate ballooning degeneration and cellular dissociation
(possibly due to intercellular edeﬁa) of epltﬁelial cells of the strata
sp{nosum and basale, along with formation of vesicles and mild infiltration
by neutrophils and eosinophils (Figure 5). | Some of the infiltrating
inflammatory cells were undergoing degeneration and necrosis. In addition,
severe epithelial necrosis, marked neutrophilic infiltration and multifocal
intraepidermal abscesses were present in the mildly to moderétely acantho-
tic epidermis on day 3 (Figure 6). In some of the severely invo1§ed ‘
regions, .suprabasilar intraepidermal bullae and clefts were observed.
Locally extensive necrosis and subcorneai accumulations of neutrophils
accompanigd by harked parakeratos!s and pseudoepitheliomatous hyperplasia
were noted on days 7 and 14 (Figure 7), but ballooning degeneration and
vesicular formation had become less evident than on day 3.

The dermis on day 1 was iInfiltrated, mainly around the vessels, by a

‘moderate number of neutrophlls admixed with some eosinophils. Degeneration

and necrosis were seen in many of the inflammatory cells. Mild edema,
fibrin deposition and disruption of collagen were present in the papillary
layer and the perivascular regions of the upper reticular layer. Fibr1nojd
degenerat)qn and formation of fibrin thrombi occurred_,in sohé df the

capillaries of the upper dermis. These changes, especially the infiltra-

ltion of inflammatory cells, became more diffuse and prominent on dqy 3.

The 1infiltrate consisted of neutrophils, ~ma£rophages. 1ymphocytes and
eosinophfls. Degeneration and necrosis of the inflammatory cells were
evident in the upper dermis. Small perivascular cuffs of mixed inflamma-

tory cells with mild perivascular edema and fibrin deposition were
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constantly observed in the superficial subcuticular fat. In addition to
an increase in the intensity of the changes occurring in the dermis and
subcutis on day 3, mild to'moderate fibroplasta began to appear on day 7.
Although fibroplasia became more evident, extensive necrqsis was still
present in the dermis on day 14. Hyperplasia with papillary folding of
thé 1ining epifhelium of sweat glands in thé lower dermis.was seen more
often on day 14 than on day 7. Although the healing procéss was'recogn1zed
on day'7, the necrotizing dermatitis persisted during the first 2 weeks

after dosingf

The changes in the internal organs were minimal. Minimal to mild

: inéreases in the number of tingible body -macrophages were found in the

cortex of the thymus. .Occasional single cell necrosis was noted in the

: lymphoid'follicles. Theré were scattered §1ngle cell. vacuolization and

necfosis in the acinar cells of the pancreas. These changes were randomly
pfesent'on all four days, although they were more often seen on days 1 and
3. | -

| This, stﬁdy demonstrated that T-2 toxin has a profound.. direct,
cytotoxic effect on skin. Based on the occurrence and severfity of lesions,
1t appears that the cells of ‘stratum germinativum (fncluding strata basale
and spinosum), espectally the basal Ia}er. were the main targets of the
T-2 toxin. It is well known that cells of the. basal layer of skin are
highly metabolically active. They synthesize both protein and DNA. T-2
toxin also has been documented to be a strong 1ﬁh1b1tor of protein
syrnthesis with subsequent inhibition of RNA and DNA synthesis. Endothelial
cells might be another target of T-2 toxin, because vasculitis and

microthrombi were evident on day 1. .The extensive necrotizing dermatitis
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and ‘cellulitis that subsequently developed might be a result of release of

'lysosomal enzymes from the large numbers of degenerating and necrotic

inflammatory cells. ‘

Significant quantitles of T-2 toxin and several of its metabolites
were detected in the skin and subéuticular fat of the exposed and adjacent
tissues'in all animals (Table 1). It has been suggested thaf the dermis
may provide a signiftcant barrier or.reservoir for 1ipid soluble compounds.
It 1s speculated that skin may act'as such a reservoir for T-2 foxin from
which a small a@ount of the toiin and its metabolites are constantly
released into thé blood stream. This may also explain why dramatic damage
occurred in thé dosed skin, put the histologic changes in the internal

organs were minimal.

Subacute Toxicity of Topically Appliéd 71-2 Toxin on the Immune System, and

Clinical Pathology Parameters

The effects of a single, sublethal dose of topically applied T-2
toxin on the -immune system, hematology, serum enzymes, blood chemistries,
body temperaturé and body weight were evaluated in 14, 11-12 week old,
crossbred, male caétrated, SPF pigs. T-2 toxin was applied topically as
described previously at doses of 0 (six control pigs) and 15 mg/kg (eight
test pigs) on day 0. The pigs were 1mmuh|zed subcutaneously with 1 my of
10° SRBC at the time of dosing and 21 days later.‘ Blood was collected
from the anterior vena cava on days -2, 1, 3,‘5..7.'10. 14, 20, 22, 24,
26, 28 and 31 for hematology and 1mmdnology studies. Serum samples during
the first 2 Qeeks were used for analysis of serum proteins, enzymes,
glucose, cholesterol and electrolytes. Body temperature was measured

daily during the first 2 weeks and on days 16, 18, 21, 23, 27 and 30.
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Pigs were weighed before dosing and thgreafter weekly for 5 weeks. The
sth-blot design with repeated measurelments was used as the statistical
model for analyzing the data. The analysis st done with the Statistical
Analysis System (SAS) statistical package. . Differences were considered
statistically significant when P-values were less than 0.0S. ,

1. Immunology Study

In this study, the effects of T-2 toxin on the immune system
were evaluated at the celluiar level on purified peripheral blood
lymphocytes with four differeqt mitogens (phytohemagglutinif.\' (PHA],
concanavalin A [Con AJ, pokeweed mitogen (PWM] and Tipopolysaccharide
[LPS]) by the 1lymphocyte transformation assay. Humoral responses
were evaluated by determining the hemagglutination titers of sera. _

The ablth of swine peripheral blood fymphocytes to respond to ’
mitogens was measured by their ability to fincorporate ([°H] |
thymidine. The data were compared In two ‘d‘lfferent ways: as mean.
counts per minute (M CPM) where |

M CPM = (mitogen-stimulated CPM)/number of pigs in each group,
and a mean stimulaton Index_(MSI) where ’
MSI = (mitogen-stimulated CPM/bacl‘cground' CPM) /number of pigs fin
each group. o
a. Response fo Con A. At a concentration of S0 ug/mL (optimal
concentration), significantly lower responses were found in the

test group at day 22 when'expréssed as M CPM and‘at days 22, 26

and 28 when expressed as MSI (Figures '8, 9). No significant

differences were found at a concentration of lp ug/mbL (sub-

optimal concentration) when expressed as elther M CPM or MSI.
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Responses to PHA. At a concentraton of 20 ug/mL (optimal con-
centration), signifjcantly lbwer responses were found in the
test group at days 5, 22 and 26 when expressed as M CPM and at
days 20, 22, 24, 26 and 28 when expressed as MSI (Figures 10,
11). No significant diffevrences were fodnd at a concentration
of 2 ug/mL (suboptimal concentration) ‘when’expressed as either‘ M

CPM or MSI.

_Responses to LPS. At a concentration of 2 ug/mL (suboptimal

concintration). significantly higher responses were found in the
test group at days 3, 5, 7 and 10 when expressed as M CPM and at
day 14 when expressed as MSI. At the optimal concentration, 20
ug/mbL, a significantly higher response was found in the test ..
group ohly at day 10 when expressed as M CPM, but no significant
differences were seen tn MSI (Figures 12, 13),
Responses to PWM. At an optimal concentration of 1:200,
significan_tly lower responses were‘note'd in the test group at
day 5 when expressed as M CPM and at days 22 and 26 when
expressed as- MSI. Significantly lower responses were found at
day 5 when expressed as M CPM and at day 22 when expressed as
MSI (Figures 14, 15). o

The lymphocyte transformation assay ts useful for assessing

the gross immunological compef:ence of humans and other animals.

" Lectin-1nduced mi togenesis can involve macrophages, T-lymphocytes

and B-lymphocytes. The lectins that were used in this study are
somewhat lymphocyte-specific. For example. Con A is a broad

T-cell mitogen, PHA is mostly a T-effector cell mitogen, PHM is
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3 mitogen activates both B and T-
mitogen. The study showed that a
sublethal dose (15 mg/kg) of T-2 to

cantly lower responses of peripheral

Lells and LPS is a B-cell
single, topically applied,
xin in plgs caused signifi-

blood lymphocytes to mito-

gens, PHA, Con A and, possibly.'PHT. Although no significant

changes were observed in the tymphoid

study, it 1s reasonable to speculate

system in the morphological

that T-2 toxin might cause

functional depression of T-cell po

ulations. - Most of these

slgnificantlreductlons in T-cell function occurred between days

20 and 28 and were reversible. Base
results of dermal residue analyses fo
the functional depression may ﬁave be
of constantly released T-2 toxin and
reservoir. Conversely, significant!
B-cell mitogen LPS (at least when e
maiqu within the first 2 weeks after
The ability of specific antibedy
and control pigs was measured by the

(Ab) with the hemagglutination test.

i

on these findings and the
r T-2 toxin and metabolltes,
due to cumulative effects
tabolites from this dermal
y hiqh§r responses to the
kpressed as M CPM) occurred
dosing.
¢ production in both,treated
Hiters of ant!-SRBC antibody

Although the mean titers

of anti-SRBC Ab of the treated grou
higher than those of the control ¢
24, no statistically significant di

these time points (Figqre 16). SH

immunogen. Anti-SRBC Ab production

T-cells and suppressor T-cells,

participate by presenting antigenic

!

roup at days 10, 14, 22 and

were approximately 2-fold -

fferences were present at
BC are a T-cell dependent

Is controlled by helper
although macrophages also’

determinants of SRBCs to
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both T-cells and B-cells. According to the data from both the
1ymphocyte transformation assay and the hemagglutination test,
it appears that topically applied T-é tox!n‘ in pigs had no
effects on the specific population of helper and suppressor
T-cells, or on ‘t,he ability of B-cells to produce anti-SRBC Ab.
Thus, the effects on these cells were not sufficlent to
significantly influence Ab production-.A
Aside from helﬁer and sUppressor. cells, T-cells consist of ’
at'lnst two more populations, ‘the cytotoxic and delayed
hypersensitivity T-cells. Although Ab is an {important ;rm of'
~ the immune system aga!nst many infectious agents, it often 1is
1nsufficient to provide full protection for the host without the
Ynvolvement of cenular fmmunity. It is welll known that cellular

fmmuni ty plays a very important role in viral, intracellular

bactertal and protozoal infections and in tumor cell killing.
Therefore, the functional suppression of T-célis shown in this
st‘udy might be of 1mp'ortance tn disease defense, in 'spite of the
absence of specific e'fects on anti-SRBC Ab production This 1s
an 1mportant area which needs further elucidation.
2. Clintcal Pathology Study
a. Hematoiogy

The mean total white blood cell count of the test group was
stgnificantly higher in lthe-f!rst 2 \lneeks after dosing (Figure
17). It increased gradually after dosing, reaching a peak at
day 10 and returning to control levels by day 20. The leuko-

cytosis was mainly due to an absolute increase in neutrophils

-
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(Figure 18) and also due to an abparént Increase in the absolute
number of monocytes at days 3 and 14 (Figuré 19). The neutro-
philia coincided with the severe necrotizing cermatitis induced
by T-2 toxin. Before dosing, the mean iotal lymppocyte count of
the treated group was relatively higher than that of the.control
groun, but it was significantly lower at days 7 and 14 after
dosing (Figure 20).

The mean total erythrocyte count of the test group- was
significantly lower'than‘thdt of the control gfoup at days 1, 3
and 5 (Figure 21). It dropped sharply at day 1, then gradually
increased but was sti11 significantly depressed at days 3 and 5.
' No‘dlfferences were present after dgy 5. Both mean hemoglobin
and mean packed cell volume of the test group were significantly
lower than those of the control group at days 10 and 14 (Figures
22, 23).

Serum Proteins, Ehiymes. Glucose, Cholesterol and Electrolytes

The mean total serum protein of the test group -was
sign1f1cantiy higher than that of the tontroi group at days 5
and 7 (Figure 24). The mean‘serum albumin of the test group was
signif{cantly lower than that of the control group at days 7, 10
and l4v(FIgure 25). Anorexia during the first week after dosing
with T-2 toxin might play an important role. Conversely; the
mean serum globuliﬁ of the test group gradually increased after
dosing, became significantly higher than that of the control
group at day 5 and reaching a plateau after day 7 (Figure 26).

The source of the increased globulin s uncertain, but it could




b d _-_ 2 oV & St ) b §

i

- 205 -

be (at least bartially) due to the‘ severe inflammation.

Significantlj lower mean serum alkaline phosphatase activities

were preQent'in the treated group at days 3, 5, 7, 10 and 14

(Figure 27). The decline in both serum alkaline phosphatase

activities and albumin might also be ,related to decreased

protein synthesis, caused_directly by T-2 toxin. No significant‘
differences were noted in SGOT, SGPT, and.LDH. '

The mean blood glucose values of the T-2 group were

‘significantly lower than that of the: control group throughout

the first 2 weeks (Fiﬁure 28). A significantly lower mean serum

cholesterol concentration was present at days 1, 3 and 10 in the
treated group. This might be associated with decreaséd feed
Intake.

The mean serum phoshorus and calcium concentrations of the

. treated groub were significantly lower .than that of the control

group at days 3, '7 and 14; ‘In addition, mean serum calcium
levels were also significantly reduced at day 10. No differences
were noted in sodium, chloride or potassium.
Body Temperature and Body Weight

A significant increase in heén rectal‘temberature of the
treated group, as compared to the control §roup, 6cturrgd during
the first 2 weeks, but differences were not significant at othar
points (Figure 29). Neutrophils and macrophages are the two

main sources of intrinsic pyrogeﬁs and they were two of the

“major inflammatory cells present in the skin exposed to'T-Z

The mean body weights of the treated and control groups were
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similar at the day of dosing. The rate of gain of the treated
group was lower than that of the control group throughout
the entire study. Significant differences were seen at weeks 2,.

3, 4 and 5 (Figure 30).

N N A B e D S T S B N D S NG O AN N

RN
Vasy




- 207 -

TABLE 1. Concentration of T-2 toxin and metabolites in skin and subcuticular
fat at 1, 3, 7 and 14 days after topical administration of T-2 toxin
at 15 mg/kg body weight. , ‘

Concentration in ppm

: a ’ b b c
Toxin 1 day 3 davs 7 days 14 days
skin
-2 220.00 + 23/00  247.00 + 78.00  224.0 + 38.0  40.00 s 21.00
-2 2.20s 0427 2.60+ 0.60  75.0 + 30.0 6.40 + 1.10
TRIOL 0.06 + 0.01 0.21 + 0.03 7.8+ 6.0 8.70 + 6.70
NEO 0.90 + 0.45 1,204 1.36  12.0+ 2.0 0.45 s+ 0.1
4-ON 0.73 + 0.18 0.4+ 0.14  24.0+ 0.6 5.00 + 1.30
TETRAOL ND* 0.02+ 0.02 2.2+ 0.6  5.60s 3.50
fat |
1-2 34.00 » 23/00°  28.00 s 18.00°  32.0 + .9.0°  3.00 + 1.00°

NEO: neosolaniol; 4-DN:: 4-deacetylneosolaniol.
|
*Mean

SD of at least 3 |animals
®Mean

SD of 4 animals

hd
+
‘Mean + SD of 5 animals
detected

“Nore
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l"ig.» 1 The ares of skin exposed t T-7 toxin (15 mg/kg) from & pig killed on
day 1. It shows swelling and bright red discoloratiom.
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a3 fomti:: marked svelling and dark red discoloration with
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Fig. 3. The area of skin exposed to T-2 toxin (15 mg/kg) from a pig killed ot
day 7. It shows purple discoloration and ulcers with serosanguinous
exudation, mainly at the wargin of the exposed region. -
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Fig. 4 The area of skin exposed to T~2 toxin (15 mg/kg) from a pig killed omn
- day 14. It shows dark purple discoloration, ulcers with hemorrhage,
formation of a thick crusty scab and separation from the underlying
tissue at the margin of the exposed region.
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FIGURE 5. Skin from a pig killed at day 1. Multifocal mild to moderate
ballooning degeneration and cellular dissociation of stratum germi-
nativum with formation of vesicles and lﬂd infiltration by neutro-
phils and eosinophils 1in the epidermis. The dermis also has

congestion, edesa and small perfvascular cuffs of neutrophils,  HE

stain, 560 x.

FIGURE 6. Skin from a pifg killed at day 3. Extensive cellular ne;rosfs and
formation of supribasﬂar intraepidermal Iclefts fn the epidermis.
There are severe diffuse inflammatory cell 1nf11ﬁration, edema,
fibrin deposition and disruption of collagen of the dermis. HE
stain, 560 x. ' '

RIS L AL SN M YOG TOW DS WK TP M W G WL WP S I ST WS W S SO W S SR B 2P W s S A IR B 16 6 S W ¢ e Ty w———"— -

;__;________.——



..vva . “s-o‘u 4
4 f&v

oy
..

&

MRS
. -

LTS 7 *
Seabfl

~o

T

L

- T

7o

3 L
Ny A ycw_.ﬂnﬁ

Er L0

N vy X8 Y OLLB

TR T e N SNV VB /G BRI R Y RER R LR B AR ALCE R TAIM AN S g P W\ ST LE Ry




- 212 -

FIGURE 7. Skin from a pig killed at day 7.

Subcorneal accumulation of neutro-

of the

hyperplasia
There are edema, fibroplasfa and severe i{nflammatory

and prominent pseudoepitheliomatous

phils

epidermis,

cell Infiltration in the dermis.
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II. THERAPEUTIC STUDIES

IIA. RAT THERAPEUTIC STUDIES--Bob Poppenga

A.  SUMMARY
The efficacy of a.variety of approaches for the treatment of aéute T-2
toxicosis were assessed utilizing young, feméle rats. Superphysiologic
doses. of the water soluble 'salt of methylprednjsolone (Solu-Medrol®)
significantly (p < .05) enhanced survival time in T-2 toxin-treéted
animé!s as compared to noptreated. positive T-2 controls. Trichodermin,
given to rats either 1 hodr prior to or jmmediately‘after administration
of T-2 toxin, significantly (p < .05) decreased mean‘survival.time com-
pared to positive T-2 control animals. Other agents screened in rats did
not enhance mean survival times with the dosage regimens used. These
agents included naloxone hydrochloride, diltiazem hydrochloride, dazemgrel,
N~acet9|cy§te1ne, dimethylsulfoxide, adenosine triphosphate (ATP), ATP
combined with magnesium chloride (ATP-MgCl,), ascorbic acid and aprotinin
(see Table 1) |
'B. MATERIALS ANC METHODS

A series of five éxper1ments was conducted usiﬂg différent agents in
each experiment. For each individual éxperiment. approximately 225 gram,
female Spragué;Dayley rats were randomly assigned to either treatment or
control groups foilowing appropriate acclimation periods. 4Eacﬁ'experfment
in the‘series had a positive control group; and where multiple drug dosings
were reqqired (experiments 1 and 2); an addftional positive control group
was included which received sham saline injections IP as often as the most

frequently treated group within that particular experiment. This second
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céntrol group was included in order to assess the effect, if any, of
handling stress on survival. In some cases, where only a single adminis-
tration of a compound was required, the difference in handling stress
between the control and treatment groups was considered to be minimal and
an  additional "handling stress" control group' was not included
(experiments 3lthrough S).

Twenty-four hbufs prior to T-2 toxin and drug administration, rats
were weighed and appropriate dosés of T-2 foxin and the various therapeutic
agents were prepared. A 50 percent ethanol solution was used as the
vehicle for the T-2 toxin (1 mg T-2 toxin pef ml vehicle). Other appro-
priate vehicles were used for the treatment ggents.

Following an overnight fast, all rats were dosed intravenously via the
tail vein with T-2 toxin af fﬁe rate of 1 mg/kg body we1ght; an approximate
LDso determined from a previous study. Therapy with the various agents
was begun 15 minutes after T-2 toxin administration with the exception of
1 treatment group in experiment 3 which was treated with trichodermin 1
hour prior to T-2 toxin administration. All therapeutic agents were givén
IP. Dosage rates and intervals were selected for 1nd1vjdhal cohpounds
based on a literature review of their uses in other experimental studies
wi;h the exception of trichodermin and ascorbic acid whose doses were
empirically formulated. The dosage regimens are summariie& in Tables 2.
through 6.

| After dosing, all rats were returned to their cages and periodically
observed. A1l had food and water available ad libitum following dosing.
Survival times were recorded for each rat. Those anim&ls “surviving 48

hours were killed with ether. A postmortem was done on each rat and
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Atissues saved in ten percent buffered formalin for subsequent histopatho-
logic examination.

Mean survival times and standard errors of the mean were calculated.
Statistical significance between group means was determined using the
Statistical Analysis Systém's (SAS) t-test proéedure;

C. RESULTS '

Mean survival fimes for the various control and drug treatment groups
are given in Tables 2 through 6. As can be seen in Table 2, the admin-
istration of methylprednisolone sodium succinate (Solu-Medrol," Upjohn) at
30 mg/kg body ueight 1P 15 minutes after T-2 toxin administration nearly
tripled survival time compared to the T-2 control groub. Six of the eight
rats in this g%ouplsurV1ved the 48-hour observation period, and all six’
appeared to be in good heaith just prior to the kill time. The longest
lived -rat in the T-2 control group survived i9 hours. Interestingly,
there was a substantial difference in the mean survival times between thé
two T-2 control groups in this experiment. The grodp being handled more .
frequently and diven sham saline 1njéctions IP survived an aVerage of
approximately 11 hours longer. The variability in survival times for this
group was fairly large, howeverﬁ' ranging from a ‘low of approximately
lp-llzlhours to the full 48 hours. Three of the eight rats in this group
survived 48 hours. “ ‘

The other significant finding was the negative effect that tricho-
dermin had on survival when given either 1 hour prior to or 15 minytes
after T-2 toxin. The control group mean survival fime was 22.47 + 4.84
hours, wheress the trichodermin pretreatment group and the trichodermin

post T-2 treatment group mean survival times were 11.26 + 1.15 and 10.41 +

RE OS5 A s N M ED M R B B M B KD Sy N

.63 hours, respectively.
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Other therapeutic approaches did not prove to be of significant
benefit in terms of clintcal sympfomatology or sur&ival time and rate.
D. DISCUSSION

'Superphysiologic doses of glucocorticosteroids have proven to be of
benefit in the treatment of various forms of shock. Sincg frreversible
shock 1s a manifestation of acute T-2 toxicosis following administration
of a lethal dose of T-2 toxin, it is not surprising that glucocortiéo-
steroids have a beneficial effect on survival. The mechanism underlying
this beneficial effect in T-2 toxin induced shock is not entirely clear.

It was hoped that trléhodermin. being a much less acutely foxic
trichothecene than T-2, would serve as a competitive inhibitor of T-2 at
cellular or subcellular target sites. It 1s evident from the data
pfesented here that trichodermin has at least an additive, if not~syﬁer-
gistic, adverse effect on survival time when given IP either before or
fqllowing T-2 toxin administration.

Other agents tested cannot be definitively ruled out as being able to
play a beneficial role in treating acute T-2 toxicosis. The possibility
exists that 1argef doses or doses administered over a longer period‘of
time than was the case in these experiments could be beneficial. It is
also possjble that while 1individual agents when used alone may not
Increase survival in acute T-2 toxicosis, they may be useful therapeutic

adjuncts in an overall multiple agent treatment protocol.
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TABLE 1. Agents screened in rats for efficacy in treating acute T-2 toxicosis.

Action

~ Source

Agent

Naloxone
hydrochloride

| Diltiazam

hydrochloride

Methylprednisolone
sodium succinate

Dazemgre! -
(UK-38,485)

N-acety!
cysteine,
sodium salt

Dimethy! sulfoxide

Trichodermin

ATP

ATP and MgCl,
(ATP-disodium salt,
crystalline, from
equine muscles, low
Ca** content)

Ascorbic acid

Aprotinin

(from bovine lung,
affinity purified,
1yophilized powder,
10-20 TIU per mg
sotid)

Endogenous opioid
antagonist

A slow calcium
channel blocker

Glucocorticosteroid

A thromboxane
synthetase inhibitor

Source of cysteine,
the 1imiting amino
acid in the manufac-
ture of glutathione

Anti-inflammatory

Less toxic tricho-
thecene mycotoxin

Source of high energy

phosphate for cell
metabolic functions

Antioxidant

Protease inhibitor

Raw material obtained courtesy
of DuPont Pharmaceuticals

Raw material obtalned courtesy
of Marion Laboratories, Inc.

Purchased as a commercially
avallable preparation (Solu-
Medrol® from UpJohn

Raw material obtained courtesy
of Pfizer Central Research

Purchased as a commercially
avatlable preparation
(Mucomyst®) from Mead
Johnson Pharmaceutical

Purchased as a commercially

‘avatlable preparation (90

percent DMSO) from Burlington
Biomedical Corporation

Purchased both ATP and MgCl,
from Sigma Chemical in raw
form

Purchased as'a commercial
preparation (Scorbate® :
from Burns-Biotec Laboratories

Purchased raw material
from Sigma Chemical
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TABLE 2. Rat therapeutic study. Experiment 1. /

Mean Survival Time

Group _Dosage Regimen (Hour + SEM)
T-2 Control 1 mg/kg T-2 toxin IV; no therapy 1400+ 2.95
. ' ' 1 Ne
T-2+Saline -~ 0.25 cc normal saline IP each - . 25.63 ¢ 6.57
- hour for 5 hours ' : n=8
T-2 + Naloxone ~~ 10 mg/kg IP each hour for 'S  13.68 4 1.48
f _ hours ne8
-T-2 + Diltiazem 18 mg/kg IP every 2 -hours vor 13.56 + 0;56,
: 3 treatments . ne§g
T-2 + Methyl- 30 mg/kg IP given once o 41.57 + 4.24*
prednisolone C ns=2§8 -

*Animals surviving the entire 48-hour observation period were assigned a
survival time of 48 hours.
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IABLE 3. Rat therapeutic study. Experiment 2.

rou

Dosage Regimen

- Mean Survival Time

(Hour + SEM)

T-2 Control
T-2 + Saline

T-2 + Dazemgrel

T-2 + N-acetyl
cysteine

T-2 + DMSO

'} mg/kg T-2 toxin IV; no therapy

0.25 cc normal saline each
hour for 5 hours

25 mg/kg IP initial dose
followed by 10 mg/kg every
hour for 5§ hours

140 mg/kg IP initial dose
followed by 70 mg/kg 5 hours
Tater

1 gram/kg IP given once

12.91 &+ 1.13
Ns6

12.79 + 1.43
nas«7

11.95 ¢+ 0.33
ne=10

11.37 £ 0.17

14.49 + 2.62
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TABLE 4. Rat therapeutic study. Experiment 3

-_Group

Dosage Regimen

Mean Survival Time
(Hour + SEM).

T-2 Control
Trichodermin
Pretreatment

~ Trichodermin
Post T-2

1 mg/kg T-2 toxin IV; no therapy
1 mg/kg trichodermin IP 1 hour
prior to T-2 toxin

1 mg/kg trichodermin IP
immedtately following T-2 toxin

22.47 + 4.84
nel

11.26 + 1.15
ne8g

10.41 + 0.63
' nes
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TABLE 5. Rat therapeutic study. Experiment 4

Mean Survival Time
(Hour + SEM)

Group Dosage Regimen

T-2 Control 1 mg/kg T-2 toxin IV fo)loved by 14.85 + 2.70
0.25 cc normal saline 15 - ne3§
minutes later »

ATP ATP solution (200 p mol/ml) 12.30 « .37
0.125 mL given IP immediately na=8
after T-2 and again 15
minutes later _

ATP + MgCl,. ATP + MgC1, (100 p mol ATP 14.06 + 1.57

Ne?

and 100 u mol MgCl, per mbL
0.125 mL given IP immediately
after T-2 and agatn 15 minutes
later '




- 245 -

TABLE 6. Rat therapeutic study. ;xperiment S

Mean Survival Time
Group Dosage .Regimen (Hour + SEM)

T-2 control , 1 mg/kg T-2 toxin IV; no therapy 11.76 + 0.62
4 . ne17

o
nN

T-2 + Vitamin C 500 mg/kg IP given once 13.32 &+
. ‘ n s

QO -
o
ro

T-2 + Aprotinin 15,000 KIU/kg IP initial dose, 14.01 +
then 10,000 KIU/kg IP 2 hours na=
later ’

00
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IIB. PRELIMINARY SWINE THERAPEUTIC STUDIES

A.

SUMM*RY
Swine were treated with several different therapeutic agents'either
alone or in combinations following adpinistration of 2.4 to 3.6 mg/kg T-2.

toxin IV. Phenoxybenzamine, a nonspecific a-blocker, administered by IV

drip, appeared to improve peripheral perfusion and delay the onset of

diarrhea in two swine compared to a positive T-2 control aninal. Propran-
olol, a B-blocker, hastened the decline in éardiic output and decreased
the time to death in two swine as compared to a céntrol animal. Survival
time was enhanced in two pigs réce!ving elther dexamethasone or methyl-
prednisolone sodium succinate along with bicarbonate and fluid therapy.
Metoclopramide appeared Fo be an effective antiemet!é in swine following
T-2 toxin administration. | '

MATERIALS AND METHODS

These preliminary studies were designed to allow for familfarization

with surgical and monitoring techniques and to allow for formulation of an

appropriate sanpling protocol.

‘A summary of the preliminary swine treatment protocols s included in.

Table 1. A more definitive materials and methods discussion is included
in the following section. '

RESULTS
Tables 2 through 9 have been included in this section prov3d1ng data

on several key parameters monitored during the conduct of these preliminary
studies. A1l cardiac catheters.implanted tn PS dopamine were inoperative;
therefore, it was decided to forego in-depth physiological monitoring
although the treatment protocol was continued. Animal survival times are

noted in Table 1.

Gy
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In general, 1t can ‘be seen that serum glucose, total bound serrm
calcium, cardiac output, stroke volume, mean arterial blood pressure apd
arterial blood pH all decline, while heart rate and lactic acid values
fncrease. |

©D. DISCUSSION

Since statistical analysis for determining the significance of the
changes 1in the parameters mentioned was not possible, discussion Is
somewhat limited. Many of the trends noted in Tables 2 through 9 would be
expected based on previous pathophysiology studies in our laboratory;
e.g., progressive declines in total serum calcium and cardiac output or
increases in heart r&te and l#ctic acid values.

From the above data, survival times. are probably the best iﬁdication‘
of a particular therapeutic agent's promise in treating acute T-2 tox}-
cosis. Average survival time was decreased by 33 perceht in the two
animals treated with the B-blocker propanolol as compared to the contro}.
It was hoped tnat 1f excessive circulating catecholamine levels Qere
adversely impacting on cardiac function over time, propranolol would
provide a protective effect. This did not appear to be the case.

Phenogybenzamine,' a nonspecific a-blocker <(both an «, and an a,
antagonist), appeared to clinically improve peripheral circulation (Ls
assessed by .capillary refill time) and delay the onset and severity of .
diarrhea compared td a control animal. Survival time may or may not have
been affected by the administration of phenoxybénzamine.sinée both treat-
ment animals and the control animal were killed if they survived the 24
hour observation period. A longer observation period may have allowed

differences in survival time to be measured. One consequence of improved
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peripheral circulationﬁ§ould be improved venous return. If the decline in
cardiac output in T-2 toxin-treated animals fis due to poor venous return,
it might be anticipated that if phenoxybenzamine enhanced venous refurn
thjs would be reflected in improved cardiac putput. Indeed, cardiac index
data appears to show more stability 6ver time in the two phenoxybenzamine
tregted' swine than"in the confrol ‘animal. More selective a-blockers
(prazosid) along with appropriate fluid subport hay warrant future atten-
tion. |

As mentioned in the section on rat therapeutic studies, death from
T-2 toxin is assoéiated with the occurrence of a shock syndrome. Based
upon other studies investigating the usefulness of glucocorticosteroids in

the treatment of shock, it was anticipated that duration and rate of

Vsurvlval would be enhanced when utilizing these drugs fin cases of T-2

toxicosis. Both swine receiving steroids (in addition to NaHCOQ and
Rlngér‘s) survived a 3.6 ﬁg/kq IV dose of T-2 toxin (3 times the LDs,) for
24 hours: a four-fold increase in sﬁrvival time compared to a control
animal (6 hours). |

Intuitive assessﬁent of the effects of glucocorticosteroids on varfous
measured physiologic parameters can be gleaned from tabulated dafa.- They
appeared to have little effect on changes tn serum glucose and calcium.
They tended to moderate the large increases in heart rate noted in other
animals and to help‘ maintain cardiac output and stroke volume (due to
improved venous return), although they did not prevent arterial blood
pressure from fal]ing. Lastly, their action may have resulted in improved
peripheral organ perfusion as reflected in a moderation of the rise of

plasma lactic acid compared to other anihals.
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Based upon these preliminary studies and others conducted by the DOD,
it was concluded. that glucocorticosteroids should form.the cornerstone of

treatment in more definitive therapeutic studies.
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TABLE 1. Summary of preliminary swine therapeutic study -

Number of
- Animals And

Upjohn

Orug Survival Time T-2 Dose Treatment Protocol
o gl Phenoxybenzamine, n = 2 2.4-mg/kg 1 mg/kg body welight
s raw material control = 1 - body weight administered by slow IV
courtesy of All survived a (100 per- drip over 2 hour period.
E? Smith, Kline 24-hour observa-  cent ETOH This was combined with a
and French. tion period prior vehicle)* gravity drip of Ringer's
‘ to killing solution.
Eg . Propranolol n = 2% 3.6 mg/kg I mg IV drip over first 5
HCL injectable, . Mean survival body weight minutes post T-2, then 1
Inderal® time 4 hours (100 per- mg/min to reach a total
B (1 mg propranolol cent ETOH  dose of .15 mg/kg body
. per mL), Ayerst vehicle)* weight, then a maintenance
. IV infusion of .05 mg/min
I (one animal recefved
g metoclopramide).
Dopamine n=2** 3.6 mg/kg 5 mcg/kg body weight/ .
-i' HCL, Intropin® liean survival body weight minute via IV drip. If
(40 mg dopamine time 6 hours and (100 per- MAP*** declined, this rate
, per mL), American 30 minutes cent ETOH was adjusted in an |
i} Critical Care. ' vehicle)* attempt to maintain ade-
: quate perfusion pressure
(one animal received
! - Ringer's).
' Dexamethasone ne 1** 3.6 mg/kg 8 mg/kg body weight IV
Azium®, ‘ Surival time body weight {immediately following T-2,
§ (2 mg/mL) 24 hours (100 per- then 4 mg/kg body weight
; Schering cent ETOH IV at 4 hours and 2 mg/kg
. vehicle)* ‘body weight at 8 hours.
- This was combined with
Y sodium bicarbonate ther-
apy and a gravity drip
ﬁ' ' of Ringer's solution.
d Methylpredniso- n = 1%* 3.6 mg/kg 15.2 mg/kg body weight IV
lone sodium Surival time body weight immediately following T-2
succinate 23 hours (100 per- toxin and again at 4
Solu-Medrol® cent ETOH hours post T-2. This was
(125 mg vial) vehicle)* combined with sodium

bicarbonate therapy and a
gravity drip of Ringer's
solution.

*Total of 0.1 mL vehicle per kg body weight.

**One control animal

was treated with

3.6 mg/kg

body weight T-2 IV. The

animal survived 6 hours and 5 minutes.
***Mean arterial blood pressure.
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TABLE 2. Preliminary swine’therapeutic study: Blood glucose concentrations.

Time ‘ .
Pig 1 hour Glucose (mg/dL)
Number Pre 0 1 2 3 4 5 6 7 8 12 24 48
Prelim-
fnary 7-2

Control’ 109 109 144 151 203 170 145

P28- L
Blocker 108 120 122 101 85

P3 Mb'_ 108 100 88 106 85 64 46 33 38 37 52 43

P4g-
Blocker 106 100 N/A 130 N/A N/A

PS : ‘ '
Dopamine N/A N/A  N/A NA N/A NA NA NA

P6 Azium 80 89 67 74 63 56 37 34 27 29 55 41

P7
Dopamine 105 113 153 114 95 40

N/A = not available
*MP = methylprednisolone
B-Blocker = Propranolol
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TABLE 3. Preliminary swine therapeutic study.
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serum calcium concentrations.

Total serum calcium/ionized

Bl Odl ey W o0 =N E B

s KX BN S ni-:

Time
Pig 1 hour’ Total Ca‘**/lonized Ca‘*_(mg/dL)
Number Pre 0 ] 2 3 4 5 6 7 8 ' 12 24 48
Prelim- . . '
inary T-2 9.8/ 9.5/ 9.3/ 8.5/ 8.1/ 1.9/ 1.9/
Control 5.0 3.7 4.9 5.1 4.6 6.0 6.3
P28- . 9.1/ 8.1/ 9.0/ 9.0/ 8.8/ 8.2/
Blocker 53 5.3 55 5.3 54 49
P3 - 9.4/ 9.1/ 8.6/ 8.1/.7.5/ 7.5/ 1.4/ 1.3/ 1.2/ 1.1/ 6.7/ 6.2/
Mp* 54 3.9 2.2 S50 51 5.3 6.1 55 58 NA 5.5 4.7
P4B- 9.6/ 9.4/ 10.0/ 8.5/ 8.4/ 8.3/
Blocker 6.1 6.1 6.3 5.1 5.2 4.8
PS " ' NA/ NA/ NA/ NA/ NA/ NA/ NA/ NA/
Dopamine NA NA NA NA NA NA NA NA
P6 9.4/ 9.1/ 8.5/ 8.1/ 7.8/ 6.5/ 6.0/ 5.8/ 6.2/ 5.9/ 4.6/ 5.1/
Azium 4.0 3.5 3.1 47 30 4.1 3.1 4.1 4.0 3.0 3.4 3.5
P7 9.6/ 9.2/ 9.0/ 8.3/ 8.3/ 1.2/ '
Dopamine 5.1 4.9 4.9 4.1 4.3 4.2

{

N/A = not available
*MP =« methylprednisolone

B-Blocker = Propranolol
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TABLE 4. Preliminary swine therapeutic study. Heart rate.
Time
Pig 1 hour Heart Rate (Beats x Min~')
Number Pre 0 ! 2 3 4 S 67 8 12 24 48
Phenoxy; : '
_ benzamine N/A 1M1 141 168 189 180 177 178 201 204 N/A 150
Phenoxy-
benzamine :
2 N/A 66 135 1347 168 168 147 162 171 174 N/A 108 |
Phenoxy-
benzamine N/A 99 147 168 N/A 216 222 210 234 N/A N/A 189
Prelim-
inary T-2
Control 90 138 84 120 144 218 214
P28~ -
Blocker 126 132 84 114 168
P3 MP 120 114 NA 114 75 168 148 150 168 144 120 N/A
Pag- o
Blocker 112 108 111 84 180 198
PS5 ,
Dopamine N/A . N/A  N/A N/A  N/A N/A  N/A N/A
P6 Azium 96 90 114 114 114 108 120 138 141 132 147 2%
P7
Dopamine 0 18 99 96 174 - 234

N/A = not available.
*MP .= methylprednisolone.

B-Blocker = Propranolol
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TABLE S. Preliminary swine therapJutic study: Cardiac index.

R

&

a5 NE

ey

KRR by

A3

E R B R X B B S

Time
Pig 1 hour Cardiac Index* (C.0. inml x min~'x_kq)~'
Number Pre 0 ] 2 3 4 5 6 7 8 1224 48
Phenoxy-
benzamine N/A 168 163 160 (153 199 150 147 121 120 N/A 13]
Phenoxy-
benzamine N/A 156 140 156 118 115 126 144 111 110 N/A 72
Phenoxy- :
benzamine  N/A 125 131 153 WN/A 79 72 83 84 93 N/A 103
Prelim-
fnary T-2 : -
Control 141 139 97 67 52 38 37 N/A
P28-
Blocker 183 .156 99 59 K}
P3 Mp** 156 144 N/A 80 80 115 115 ‘146 95 163 97
Pap- |
Blocker 180 163 162 80 88 n
- PS L
Dopamine N/A N/A N/A N/A /A N/A N/A N/A
P6 Azfum 143 130 133 136 136 153 192 249 150 171 49 7
P7
Dopamine 153 13 93 64 51 34

N/A = not available.

*Cardiac Index = cardiac output inml x minutes”

**MP . methylprednisolone.

B-Blocker = Propranolol

x kg
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TABLE 6. Preliminary swine therapeutic study: Stroke volume.*

Time -
Pig - 1 hour Stroke Volume (mL « beat™' x kq~')
Number Pre 0 ] 2 3 4 5 6 7 8. 12 24 48
Phenoxy-
benzamine . N
1 N/A  1.51 1.16 95 .81 1.11 .85 .83 .60 .59 N/A .87
Phenoxy-
benzamine ' : ~
2 N/A 2.36 1.08 1.06 .70 .68 .86 -.89 .65 .63 N/A .67
Phenoxy- ’ '
benzamine N/A 1.26 .89 .91 N/A .37 .32 .40 .36 N/JA  N/A .54
Prelim-
inary T-2
Control 1.57 1.01 1.15 56 .36 .17 .7
P28~
Blocker 1.45 1.18 1.18 52 .18 .
P3 MpP** 1.30 1.26 N/A .70 1.07 ..68 .78 .97 .57 1.13 .81 N/A
P4g- :
Blocker 1.61 1.51 1.46 .95 .49 .44
P5 : ‘
Dopamine N/A N/A  N/A N/A . N/A ~N/A NA NA
P6 Azium 1.49 1.44 l.]i 1.19 1.19 1.42 1.60 1.80 1.06 1.30 .33 .3]
P7 R
Dopamine 1.70 1.11 .94 .67 .29 .15

N/A = not avaliable
*Stroke volume = heart rate (beats - min~') divided by cardiac index

(mL * min~

.kg

oMp . methylprednisolone '

B-Blocker = Propranolol
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TABLE 7. Preliminary swine therapeutic study: Mean arterial blood

. = 256 -

pressure.

Time
Pig 1 hour Mean Arteria) Pressure (mm Hq)
Number Pre 0 1 2 3 4 5 6 7 8 12 24 48
"henoxy- | -
benzamine
] N/A 120 104 76 62 52 51 45 48 46 N/A 80
Phenoxy-
benzamine - v
2 N/A 109 100 16 64 56 54 60 48 52 N/A 60
henoxy- .
berzamine N/A 120 112 96 N/A 69 58 56 5S4 N/A N/A 68
 Prelim-
inary T-2
Control 130 11§ 97 67 . 52 k}:} 37
P26- 3
Blocker 128 100 124 116 73
P3 MP* N/A due to inoperative catheter
- Pap- .
Blocker 102 109 94 62 52 58
PS N o
Dopamine N/A  N/A  N/A  N/A  N/A NA NA NA
P6 Azium 124 122 112 110 58 60 64 67 72 78 114 M2
P7 : :
Dopamine 116 116 100 92 84 72

N/A = not avallable. -
*MP = methylprednisolone.
B-Blocker = Propranolol:
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DEFINITIVE SWINE THERAPEUTIC STUDIES--Bob Poppenga

SUMMARY

four different treatment protocols were assessed for efficacy in the
treatment of acute T-2 toxicosis in swine. A variety of physiologic
parameters were monitored in order to determine which treatment(s) most
effectively maintatned homeostasis. All four treatment groups showed
improved survival times as compared to a positive T-2 control group.

MATERIALS AND METHODS

Approximately 3 to 4 weeks prior to inclusfon in this study, 25 kg,
female, cross-bred swine were obtained from a nearby commercial swine
operation. After a 3- to 4-day acclimation period, fluid-filled catheters
were surgically implanted in the main pulmonary artery, left atrium, Sorta
via the internal thoracic artery and left jugular vein of each animal. All
catheters were heparinized and pl;ced subcutaneéusly for later exteriorlzauu
tion. The swine were allowed an appropriate recovery period.

On the day.'prior to dosing, each‘ animal was anesthetized with
halothane and the subcutaneougly placed catheters wefe located 4and
exteriorized. In addition, one or two 18 géuge. 3-inch Angiocaths® were
secured in ear vein(s) and a foley catheter placed in the bladder and
secured in place. The exposed catheters were bandaged for protection and
the animal was allowed to recover from anesthesia. Watér but not food was
provided ad 1ibitum overnight.

Orn the morning of dosing, the individual animal was placed in a
restraining apparatus which allowed a certain degree of full movement.

Appropriate monitoring equipment was attached to the animal at this time.

- ey . . - g -
'3 b M ~ . . t K
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Parameters to be assessed included hemodynamics, electrocardiogram,
blood-gas variables, hematology, serum chemistries and clinical variables
fresp!ratory rate, urine production and capillary refill time). Each of
the above parameters was to be assessed at hourly interval§ beginning 1
hour prior to dosing with T-2 toxin an¢ continuing through 8 hours post-
dosing and, when survival permitted at 12, 24 and 48 hours post-dosing.

Each animal had been previously randomiy a;signed to 1 of 5 experi-
mental groups (n = 3). These are listed in Table 1. The individual thera-
peutic agents utilized in this study and their administration protocols are
given in Table 2. Doses employed were efther based on previous recognized
uses of the particular agents (such as activated charcoal or magnesium
sulfate) and were thus the same for each individual on a body weight basis,
or were based on trying to maintain certain physiologic parameters, e.g.,
blood pH and vascular pressures within normal limits using sodium bicar-
" bonate and normal saline. 1In the latter case, the amounts administered
varied among individuals depending on a particular animal's needs.

A maximum observation period of 48 hours was selected after which
§urv1vi~g animals were killed with a barbiturate. Anlonger observation
-perfod was considered but discarded due to the difficulty of keeping
exposed catheters ciean and free from infections which might have altered
phystologic parameters. |

‘At death, all animals were necropsied and tissues saved for histo-
pathologic examination. Fresh bone marrow smears were made for later
examination, and cardiac muscle and pancreatic tissue samples were frozen
for determination of tissue electrolyte levels (sodium, potassium, mag-

nestum and calcium).
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Many measured paramefers have yet to be examined in detall. Appro-
priate statistical analyses will be forthcoming at a later date.

RESULTS

As mentioned above, a large numhrer of parameters have not been
‘oxaminod 1n depth. Several key parameters have been tabulated and are
- included in this report.

Group survival times can be soon in Table 1. All treatment groups

survivod a minimum of twice as long as the control group Two groups,
number 2 and numdber S, survived approximately four tlmes as long. The
ranges within each group are also given.

Tables 3 through 11 tabulate several important variables including

blood glucose, total and ‘fonized serum calcium, serum magnésium, heart

rate, cardlac index, stroke volume, mean arterial blood pressure, blood |

pH, lactic acid, Pa0, and PaCo,.
DISCUSSION
The common dcnon!nator among al) T-2-treated groups was the admin!-

stration of motoc‘opramide (Reglan®, AN Robins Company) and dexamethasone

sodium phosphate (Aztum S/P'. Schering) to all ‘animals. Metoclooramldo

was 3l1so given to the 3 animals iIn the T-2 control group.

Mytocfopramldo was Included as an antlemetic with the hope that
animals glven activated charcoal and magnesium sylfate PO would retain a
significant portion of the administered dose. Partlal success was
achieved, vomiting otlll occurrea a1fhouqh at a much reduced rate based
upon previous experience. Vomiting gererally did not occur until shortly
after the administration of the act!vateo charcoal-magnestum sulfate

slurry via stomach tube. Gravity floQ was not sufficlent for administering
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the slurry. Therefore, a hand pump was used to speed the process. The

quick expansion of the stomach with a volume of approxlmately'llz 1iter

| appeared to be enough to stimulate the onset of omesfs which continued for
approximately 30 to 45 minutes. Also, the nptcmlopromlde was given in
three dlscrgto IV doses (see Table 2) which, in retrospect, resulted in
excessive intervals between doses. A continuous IV drip would probably ‘

‘hayc been more appropriate based upon I1ts vory' short t-1/2 following:
intravenous administration in naﬁ.

It is evident from the group survival data that dexamethasone probably
contributed In a major way to enhanced survival times. One }ntorestinq
point, however, is the difference bctween'qroup number 3's meaﬁ of'17.8 '
hours and group 2, 4 and 5's means of 35.16 hours, 27.30 hours_and 39.80
hours..rospectlvoly. While the statistical signtficance of this difference
has not been determined, tt does appear rclat'vel; large. ‘Group k} rocg!ved
all the therapeutic agents with the exception of activated charcoal and
magnesium sulfate given PO. One hypothis1s that these rcsults may support
is that following IV administration of T-2 toxin, there Is a significant
enterohepatic ﬁircuIation of T-2 toxin or its metabolltes. Reci(culatlnq
parent T-2 or T-2 metabolites may adversely |ﬁpact on animal survival if
not trapped in the qut bj activated charcoal. Another hypothesis thaf
this survival data may support Is that endotoxin may play a secondary role
in the pathophysfo!oqy of acute T-2 toxicos)§ fo!lowinq‘ {ts systemic
absorption through T7-2 mediated severely compromised gut wall defenses.

Whichever hypothesls; if ejther, s true, one ﬁh!nq can be sa'd about
giving activated charcoal and magnesium sulfate: It moves verv slowly

through the gastrointestinal tract. Despite the early occurrence of
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diarrhea, only those animals surviving 48 hours passed 6ﬁarcoal-tainted
feces. Those animals which lived less than 24 hours seldom had signifi-
cant amounts of charcoal beyond the cecum on postmortem examination. This
fact combined with the obsérvation of significant bloating in 1ive animals
and postmdrtem 'gas-dlstended bowels implies a gut stasis is occurring
despite early and often severe dlarrhea. . .
Individual animals showed rather large increases in serym magnesium

levels with time (see Table 5), althodqh data means do not appear to

reflect this. Absorption of magnesium from the gut followinq‘admlnistra-‘-

tion of magnesium sulfate is a possible explanation for this observation,
as 1s release of intracetlular magnesium followinq.cell tnjury.

The administration of noémal-salidefby gravity flow was not effective
in maiﬁtalninq artertal blood prgssure.or..it would appear, venous return.
In fact, much of the administered fluid probably found its way into the
gastrointestinal tract: Occasionally, significant amounts of subcutaneous

edema and fluld In the pleural and peritoneal‘cavltles were found 6n post-

" mortem despite no evidence of fluid overloiding. as Jjudged by central

venous pressure aﬁd pulmonary auscultation. .In several‘ fnstances; with
aggressive fluid therapy, urine output could be maintained ¢esplte low
artertal blood pressures. In other tnstances, anurta would occur desp!te
administration of lar§e volumes of fluld over a period of time.
Administration of sodium bicarbonate was effective In maintaining a
tolerable blood pH (see Table 10). Desptt§ cessation of sodium bicarbonate
therapy when blood pH went above 7.350, animals surviving 48 hours often

had a slight alkalosis with a blood pH slightly above 7.500 (see Table 10).
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By and large, the ability to control the actdosis with‘sodium'bicarbonate

was reflected in the blood-gas variables (see Table 11).

Once all data s analyzed, more definitive conclusions will be drawn.

OVERALL COMMENTS

Glucocorticostefoldé will enhance survival iIn swine and rats dosed
intravenously with T-2 toxin.” Combinations of glucocorticosteroids
and other anti-shock drugs (such as prostanglandin E) need to be
investigated. ’

Anc!l]ary treatments are 1mpdrtaﬁt‘1n maintaining phystologic homeo-
stasis. Sodium bicarbonate is an example. Maintenance of blood
glucose levels would also appear to be an ‘Imporfant ‘adjunctive
therapy. '

Adequate arterial blood pressure cannot be maintalned with fluid
therapy alone. Plasma expanders such as dextran should be investi-
gated.

Oral activated charcoal may be of benefit following parenteral

exposure to T-2 toxin,
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TABLE V. Definitive swine therapeutic study.

Activated Charcoal + MgSO,

NaHCO,

- (No Saline)

minutes to 48 hours

Group Mean
(n_=_.3) Treatment Weight (kq) Survival (Hours + SEM)
1 Control - 51.0 8.58 + 0.84
\ T-2 + Metoclopramide .Range 7 hours and 45 minutes
- to 9 hours and 25 minutes
2 Metoclopramide 53.3 35.1 + 22.23
Dexamethasone Range 9 hours and 30 minutes
Normal saline and NaHCO, to 48 hours
Activated charcoal + MgSO.
(A1} Therapy)
k} Metoclopramide 45.5 17.94 + 2.17 .
Dexamethasone ' Range 15 hours and 45
Normal saline and NaHCO, minutes to 20 hours and
. (No Actiivated Charcoal) S minutes
4  Metoclopramide 47.8 27.15 + 18.89
‘ Dexamethasone Range 11 hours and 16
Activated Charcoal + MgSO. minutes to 48 hours
Normal Saline '
\No NaHCO;)
5 Metoclopramide ~ 53.6 39.76 + 14.26
Dexamethasome Range 23 hours and 30

v
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TABLE 2. Definitive swine therapeutic study:

Drug administration protocol

Drug Source

Dosage Regimen

. Metoclopramide Injectable form (5 mg/mL)

courtesy of A. H. Robins

|

oaS

s
0

Company
Activated . SuperChar® courtesy of
Charcoal Gulf BioSystems, Inc.,
Dallas, ™
Magnesium — Epsom salt, magnesium—
Sulfate sulfate USP, purchased

from Dow Chemical Company

Dexamethasone  Azium S/P® (4 mg

Sodium Phos- dexamethasone sodfum

phate - phosphate/mbL, purchased
from Schering Corpora-
tion

Sodium. 5 percent sodium

Bicarbonate bicarbonate injection,

USP. Purchased from
Abbott Laboratories.

Normal Saline 0.9 percent sodium
chloride injection,
USP. Purchased from
Abbott Laboratories.

1 mg/kg body weight IV immediately
prior to T-2 toxin administration
and 1/4 and 1-1/4 hour post T-2
toxin.

2 grahs activated charcoal (dry

welght) per kg body weight in 420
mL tap water PO 1/2 hour and 4
hours post T-2.

d

&

with activated charcoal slurry
and administered 1/2 hour and 4
hours post T-2

6 mg/kg body weight IV immediately
and 4 hours post T-2, then 4 mg/kg
8 and 12 hours post T-2, followed
by 2 mg/kg 16 and 20 hours post
T-2 and 1 mg/kg 24 hours post T-2.

Variable speed drip based on

hourly blood pH measurements.

Started if pH < 7.350 and stopped
if pH > 7.350.

Rapid IV drip (gravity flow) as
MAP* begins decline. Administra-
tion slowed to maintenance levels
if MAP does not respond or 1f
CVP** > 10 mmHg.

*Mean arterial blood pressure.
**Central venous pressure.

i
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